Complete modern facilities... 
exacting quality control... 


fast, flexible service... 


¢ for mill —agaeaaas and custom conversion of 


METALS 


centerless ground, 
annealed or heat tree 


iameter dow 


Do you need specialized production facilities and technical 
assistance on experimental projects in special metals? Do you 
require close metallurgical control for custom conversion or 
processing of special strip, foil or wire? 

Johnston & Funk offers you these specialized facilities... in 
a new modern plant. The areas in which we 
work are listed above. have the J F 
know-how and flexibility to move fast on id | Oo nston & unk 
special projects. 

Write or phone us about your specific meavice METALLURGICAL CORPORATION 
requirements. We guarantee you'll get prompt, 
competent attention. 
Write for descriptive brochure on Johnston & Funk 
facilities, details on services and products. 


Huntsville, Alabama JEfferson 6-3374 


An affiliate of P. R. Mallory Co, and Mallory-Sharon Metals Corp. 
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‘ Metal 
Progress 


December 1959 . . . Volume 76, No. 6 


Cover: The push button design, by Robert L. Gault, a prizewinner 
in the annual Metal Progress cover competition at Cleveland Insti- 
tute of Art, symbolizes the increasing automation of the metal indus- 
try—even in literature searching, as described last month on p. 123. 


Progress in High-Temperature Materials 


René 41—New Higher-Strength Nickel-Base Alloy, by R. J. Morris....................45. 67 
The alloy derives its strength sewer oy from the coherent gamma prime phase precipi- 
tate, Ni,(Al, Ti). René 41 is producible in all mill forms and it can be forged and welded. 
Yield strength is superior to other commercial alloys up to 1400° F. and the alloy is 


expected to play an important role in future jet engines and space vehicles. (A-general, 
T24b, SGA-h) 


What's New in Tungsten Research, by W. W. Austin ......... 71 
Every year an estimated $2,600,000 is spent on tungsten development in the United 
States. Of this, 40% is sponsored by federal agencies. This article reviews current reports 
presented at a recent unclassified research-in-progress conference on tungsten co-spon- 
} sored by the Office of Ordnance Research, U.S. Army, and nine other contracting 
agencies. (A-general, A9; W) 


A typical superalloy, A-286, has been applied extensively for jet engine components by 
Ryan Aeronautical Co. This article records experience in heat treating, forming, ma- 
chining, welding, cleaning and handling the a, (A-general, T24b; SGA-h, 17-57) 


Engineer ing Articles 
| Designing Trays fur Roller Hearth Furnaces, by George W. Wardwell...................... 81 


The heat treating process and the configuration of the part to be treated are important 


in tray design. They largely determine the design features and the materials to be used 
for the tray. (W27p) 


Solid-Fuel Rocket Chambers for Operation at 240,000 Psi. and Above — II, 
by M. E. Shank, C. E. Spaeth, V. W. Cooke and J. E. Coyne................... Sd 
When a rocket chamber failed unexpectedly during a hydrostatic test, an intensive 
investigation was launched. Water used in hydrostatic testing proved tu be responsible, 
causing delayed, hydrogen-induced fracture. In the end, this extensive work showed 
that solid-fuel rocket cases with tangential stresses of 240,000 psi. are practical. Stresses 
‘ of 260,000 psi. appear possible if small plastic strains can tolerated. (Q26, T2p; 
SGA-h, TS) 


Alkaline Cleaning of Metals, Part II—Selecting Equipment, Maintenance Requirements and Costs, 

' by the A.S.M. Metals Handbook Committee on Alkaline Cleaning.............. 103 
The first part of this article, published in last month’s Metal Progress, described methods, 
cycles, and cleaner formulations for soak, spray and electrolytic cleaning. This section 
considers equipment requirements, maintenance schedules, and operating costs. (L.12k, 


1-52, 17-53) 


Magnesium — Recognition Leads to Expanding Markets, Staff Report...................-0.04. 114 
, , To meet the growing demands for high performance, engineers are coming up with 
Fn premium quality castings, better surface protection, and improved techniques “ orging 
sit and welding. Keynote of the recent Magnesium Association convention was confidence 
Zz in the potential of magnesium to move into expanding markets. (A-general; Mg) 


Table of Contents Continued on Page 3; Volume Index on Page 223 


*The coding symbols refer to the ASM-SLA Metallurgical Literature Classification, 
International (Second) Edition, 1958 
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This is THERMAL FATIGUE 


This photograph shows a heat-resistant alloy casting 
after thermal-fatigue failure. 


Thermal fatigue begins with cyclical heating and 
cooling which produces alternate expansion and con- 
traction. The shape of the casting hinders this expan- 
sion and contraction. As a result, hindered expansion 
and contraction stresses develop and increase until plas- 
tic flow occurs. This plastic flow produces a network of 
thermal-fatigue cracks and this cracking leads to failure. 


Thermal fatigue is an inherent problem in heat- 
resistant castings. As such, it occupies an important 
place in Electro-Alloys research efforts to lengthen life 
of components working under high temperatures and 
severe cyclical conditions. 


We have created apparatus that assesses and analyzes 
the variables of thermal fatigue. Check with your Electro- 


Alloys representative for the meaning of our thermal 
fatigue data as it pertains to the material, design and 
service conditions of your heat-resistant castings. 


Send for free technical booklet on Thermal Fatigue 


Please send me free copy of “The Mechanism of Thermal 
Fatigue,"" by Howard S. Avery -comprehensive report based 
on extensive lab studies: 


Name 


Title 


Company 


Address 


City State 
Electro-Alloys, 10112 Taylor St., Elyria, Ohio 


ELECTRO-ALLOYS DIVISION «© Elyria, Ohio 
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Metal Progress 


An Age Hardening Titanium Alloy, 
by V. C. Petersen, H. B. Bomberger and M. B. Vordahl 


Titanium with the proper additions of aluminum, vanadium and chromium remains 
100% beta as it solidifies and cools to room temperature. Easily formable in this condi- 
tion, it can be readily age hardened by heating at 850 to 950° F. This new alloy offers 
much promise in aircraft applications. (N7c, Q-general; Ti-b) 

Spotlight on Welding 
Testing techniques designed to probe the mysteries of spontaneous brittle fracture were 
revealed at the Fall Meeting of the American Welding Society. Also described were new 
welding methods and inspection procedures. (K-general, Q26s) 

Statistics on Metallurgical Education, by W. O. Philbrook 
Though Bachelors’ degrees granted increased by 14.4%, the number of graduates receiv- 
ing Masters’ degrees rose only 5% over the previous year. Doctors’ totaled 70, a drop of 
16%. (A3g) 


New Techniques for Etching 
Sodium Bisulphite as an Etchant for Steel, by J. R. Vilella and W. F. Kindle 
Sodium bisulphite improves the contrast of the microconstituents in steel without selec- 
tively overetching fine structures such as pearlite and bainites. (M-20q; ST) 
Etching Uranium for Bright-Field Examination, by W. N. Posey 
A new chemical etchant permits micro-examination of uranium under bright-field illu- 
mination. (M20q; U) 
Critical Points 
Effects of Radiation on Metals—One of the Unknowns of Reactor Engineering 
Some of the problems in welding of pressure vessels discussed at the 9th Annual A.E.C, 
Welding Forum. 
Atomic Age 
Aircraft Nuclear Propulsion 
Summarized from Report of the Congressional Joint Committe on Atomic Energy. 
Light Metallurgy 
A Short Tour of Archaeological Metallurgy, by David J. Mack 
Determining the true source of a questionable prehistoric artifact of metal is no easy 


task. Some of the problems met and solved (sometimes) in examining Indian copper 
bells, a “Viking” halberd, and two dubious candelabra are discussed. (A2; Cu-b) 


Data Sheet 
Machining Hard Alloys 
Book Review 
A Contribution to Vanadium Technology, Reviewed by Arthur B. Lytle 
Since vanadium has not been used for any industrial purpose, “The Metallurgy of 


Vanadium” by William Rostoker serves mainly as a guide to the problems, merits and 
shortcomings of the metal. 


Short Runs Metals Engineering Digest 

Brazing in Vacuum by Induction Heating, Machining Hard Alloys 
by Richard E. Paret Steels for Missiles 

No Sparking From Beryllium-Copper Conference in Belgium 

Trolley Wheels Blisters on Aluminum 


Gold Alloy Plating 

Correspondence 
Ultra High Strength by Austenitic Forming PH Steels 

“Cold Working”, by Richard F. Harvey... Porosity in Aluminum Alloy Welds 
Flakes in Steel, by T. G. Owe Berg Construction of Atomic Power Facilities 
Metallurgical Dragonfly, Self-Fluxing Sinter 

by Nino S. Pitea Tempering Low-Alloy Creep Resistant Steels 198 
Tropical Wonder, by Russel H. Brush Thermometer for High Temperatures 


Departments 
Application and Equipment Behind the Bylines.. . 

New Products Volume Index 


ress published mon‘ t A ican Soct for is. Publication office Mt. Morris, Tl! 

Editorial “and general Migtale "Park, Novelty, as Class matter atthe Post 

ae in Mt. » Tl. Vol. No. 6, December 1959. Copyrighted 19 by the American Society for 
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FILL MANY NEEDS AT NEW 
KAISER ALUMINUM PLANT 


A. this impressive new metal working plant, one of the nation’s 
largest integrated aluminum reduction-rolling operations, complete de- 
pendability of equipment is an absolute must! 

That’s why Surface Combustion Corporation selected SPENCER 
blowers for incorporation on a variety of their heating equipment 
including: 


® Slab Reheat Furnaces 
Annealing Covers 
® Soaking Pits 


SPENCER BLOWERS WERE SELECTED BECAUSE OF THEIR PROVEN ADVANTAGES: 


® Anii-surge feature 

© Simple construction (hence, minimum maintenance). 
® Constant pressure at varying volumes. 

© Power savings (air delivered only in proportion to requirements). 
® No special foundations, grouting or bolting down necessary. 


For complete specifications on 
Spencer Blowers—from 1/3 to 
1,000 H.P., volumes up to 20,000 
C.F.M., pressures from 4 oz. to 
10 Ibs.—request Catalog 1268. 


Ravenswood Works, Kaiser 
Aluminum & Chemical 

Corporation, Ravenswood, 
West Virginia 


ALSO MANUFACTURERS OF 


PNEUMATIC 
CONVEYING SYSTEMS 


INSTALLED VACUUM SYSTEMS 


PORTABLE VACUUM CLEANERS 
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DECEMBER 


Thue year will be almost over when you receive this copy of 
our favorite magazine, and this brings to mind a bit of accounting we 
did a few weeks ago to compare the total number of editorial pages 
printed in Metal Progress this year with those of last year. This 
count was made on the basis of the fiscal year, ending on August 31, 
which as you probably know is the way A.S.M. operates. The 12 
issues in 1959 contained 948.44 editorial pages compared with 897.63 
pages in 1958. This means that the editors prepared 50.81 pages 
more of articles and other useful information for you last year than in 
the preceding year. The number of pages in our ‘solid editorial block 
(this is what the editors call the front of the book where the articles 
run consecutively on full pages) were increased somewhat more 
than is reflected by the total editorial pages due to a decrease in 
fractional space available in the back of the book. Figures show that 
in 1958 our solid editorial block consisted of 640 pages compared 
with 724 in 1959 which represents an expansion of 84 pages in the 
article section in the front of the book. We will probably prepare 
close to 1000 pages of articles for you in the new year. With so 
much going on in metallurgy and metalworking these days, some- 
times we have to restrain ourselves to keep Metal Progress within 
reasonable bounds. 

As this column goes to press, we are busy with our first issue for 
the new year which you will recall is devoted to an International 
Review of Metallurgy and Metalworking. This means your January 
Metal Progress will be the culmination of a lot of effort on the part 
of the editors to bring you news of outstanding engineering develop- 
ments in metals from all over the world. A sneak preview reveals 
such topics as Progress in Metal Forming in England... Making 
Steel Castings in Switzerland . .. High-Temperature Alloys in Russia 

. Bright Anodizing Alloys in Canada... Electropolishing Colum- 
bium and Tantalum in Norway . . . High-Temperature Research in 
Europe and Asia . . . Sponge Iron in Mexico ... Welding and Testing 
Developments in Germany and many more. 

The picture below of our new Headquarters at night is a fitting 
way for us to say Merry Christmas and we hope you will visit us in 


our new home during 1960. Tue Eprrors 


SHIELD FOR 
THE BATTLE 
OF SURVIV 


BERYLLIUM 
HEAT SINK 


(SIX-FOOT DIAMETER FORGING 
PRODUCED FOR THE NASA SPACE- 
CAPSULE TESTING PROGRAM) 


WRITE FOR YOUR 
COMPLIMENTARY COPY 
OF THE CASE HISTORY 
“BERYLLIUM IN 
PROJECT MERCURY" 


ER 
42301 PERKING AVENUE 


‘CLEVELAND 
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THE BRUSH BERYLLIUM COMPANY 
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-W-545 STRESS RUPTURE 
TRENG 


TH vs. TEMPERATURE 


Twenty percent more strength at 1200°F from this 
turbine dise gave added dependability for a West- 
inghouse customer using W-545. This new high- 
temperature alloy will withstand higher stress levels 
than similar alloys at the same operating tempera- 
tures... or it will withstand equivalent stress char- 
acteristics at 100°F higher operating temperatures. 

Critical high-temperature parts can be made from 
this material that have excellent strength-to-weight 
ratios and can be used at temperatures up to 1350°F 
... excellent characteristics at —300°F. 

W-545 has proven itself superior for turbine wheels 
. . . compressor discs and shafts . . . combustion 
chambers . . . housings and skin materials. W-545 is 
nonmagnetic and has a low strategic alloy content, 


permitting ease of fabrication for fasteners . . . rings 
. Spacers .. . fittings . . . brackets . . . supports 
and mounts. 

The Westinghouse Metals Plant can furnish strip, 
sheet, bar, forgings and forging stock in W-545 and 
other wrought high-temperature alloys. Get all the 
information today; write: Westinghouse Electric Cor- 
poration, Materials Manufacturing Department, 
Blairsville, Pennsylvania. J-05010 


You CAN BE SURE...1F ITS 


Westinghouse 


WATCH ‘‘WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS"' ces TV FRIDAYS 
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Other activities of American 
Society for Metals: 

Publishes Metals Handbook, 
an encyclopedia of metals; 
Metals Review, news magazine; 
Review of Metal Literature, ab- 
stracting service; Transactions, 
scientific annual; Career tech- 
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for home, in-plant or 
American Society for 
Metals Chapter study. 


Metal Progress is available on microfilm from University Microfilms, 
Ann Arbor, Mich. 
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* Also Tempil® Pellets 
ond Tempilaq® (liquid form) 


Tempilstile° —« simpie 
and accurate means of 
determining preheating and 
stress relieving temperatures in 
welding operations. Widely used 
in all heat treating—as well 
as in hundreds of other 
heat-dependent processes in 
industry. Available in 80 
different temperature ratings 
from 113°F to 2500°F... 
$2.00 each. 


Send for free sample Tempil ° 
Pellets. State temperature desired 
... Sorry, no sample Tempilstiks° 


Most industrial and welding 
supply houses carry Tempilstiks ° 
... if yours does not, write for 
information to: 


MARKETING DIVISION 


Tempil 


132 West 22nd St. New York 11, N Y 
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FABRICATION TESTS SHOW... 


New alloy takes the§ 


...in strength...in weight...in reliability...in price! @ 


Titanium rocket-motor cases can be built at least 30 
percent stronger (or lighter) than best available alter- 
nate metals; provide permanent corrosion resistance 
without protective coatings; withstand temperatures 
€ from —400°F to +800°F; will not absorb moisture 
which distorts critical parts in storage. 
Completed assemblies give a spectacular two-way 
; pay-off .. . immediately; provide a growth potential 
virtually unlimited. 
The alloy: Ti-13V-11Cr-3Al, the beta titanium alloy. 
Now available from Titanium Metals Corporation of 
America at commercial lead-times (billet, 2-3 weeks), 
beta may well become the metals story of the year. 


Welding of titanium at P&WA is based on the company’s experience in produc- 
tion of more than $800 jet engines containing titanium parts. Weld strength 
of beta titanium alloy is considerably improved by cold working the weld. 


End Closure Titanium Forgings produced 
by Wyman-Gordon Company and 
machined by P & WA, will be girth 
welded to the flow-turned cylinders. 
Bosses are an integral part of the 
closures. 


Flow-tu.ning from roll-forged rings, 
makes feasible production of full- 
scale titanium rocket cases, since it 
yields integral cylinders, eliminates 
need for longitudinal welds, con- 
serves input metal. 


Pilot rocket-motor cases manufactured by Pratt 
& Whitney Aircraft from beta titanium alloy 
Ti-13V-11Cr-3Al have been consistently burst- 
tested at levels in excess of 235,000 psi — a burst 
strength/density ratio of 1,340,000. 


So successful has been its titanium program 
that Pratt & Whitney Aircraft considers that 
production of full-scale titanium cases can be 
easily realized. Estimated initial burst strengths: 
a conservative 180,000 psi — a burst strength/ 
density ratio of 1,000,000. Readily attainable: 
1,250,000. 

Reasons for optimism, spelled out by PKWA’s 
engineers are: 


. “The welded beta titanium alloy is capable of 


considerable plastic deformation prior to rup- 
ture. As welding has improved, the failure 
origins have moved into the thin wall (of the 
case itself). With beta titanium, the case tears, 
but doesn’t fragment. 


. “We have successfully tested small scale titanium 


cases with a steel equivalent yield strength well 
beyond the 300,000 psi point. Considering that 
the metallurgy of metastable beta titanium alloys 
is not far beyond its infancy, conservatively one 
would predict strengths substantially higher than 
the 320,000 psi equivalent as being quite 
possible. 


“Beta titanium has to develop (only) 140,000 psi 
to be equivalent to 220,000 psi steel (which is 
almost near steel’s top limits). But titanium’s 
great potential above other alloys is reflected in 
the high figure for practical (based on 5% 
elongation) yield strength. At 180,000 beta 
titanium is equivalent to steel at 280,000 psi; at 
200,000 psi, beta titanium is equivalent to steel at 
320,000 psi. 200,000 psi in beta titanium is possi- 
ble, and obviously would mean substantially in- 
creased payload to the moon or out into space. 


. “Apart from the strengths attainable in the beta 


titanium alloy, there is another property of con- 
siderable significance. Like other titanium alloys, 
it has excellent resistance to corrosion under 
normal atmospheric conditions, in salt water as 
well as in many other media. 


“In considering the long time storage problems 
with rocket cases — a pit in a thin-walled casing 
can be catastrophic — we would regard the beta 
titanium alloy, as the outstanding material 
under consideration.” 
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PRATT & WHITNEY AIRCRAFT SURVEY OF ROCKET CASE MATERIALS 
GENERAL PROGRAM 


The goal: “A material capable of reaching 
300,000 psi yield strength in steel, with a 
considerable development margin.” 


The result: “While this goal had to be modi- 
fied for steel cases, we have successfully 
tested small scale titanium cases with a 
steel equivalent yield strength well beyond 
the 300,000 psi point.” 


Conclusions: 1. “By exercising reasonable 
care, the development of full scale (steel) 
cases at 240,000 psi is perfectly feasible. 


2. “Small scale (titanium) cases have been 
burst at stress levels as high as 260,000 psi 

. we are convinced that reliable cases 
can be manufactured (from titanium) at 
yield strength levels of 180,000 psi and 
over... at 180,000 beta titanium is equiv- 
alent to steel at 280,000 psi. 


“At 200,000 psi beta is equivalent to 
steel at 320,000 psi. 200.000 psi beta is 
possible and obviously would mean sub- 
stantially increased payload to the moon 
or out into space.” 


SPECIFIC COMPARISON: Corrosion Resistance 


Steel: “All of the low-alloy constructional 
steels which have been discussed are sub- 
ject to general rusting and, far more seri- 
ous, to pitting type corrosion during ma- 
chining, welding, heat treatment, pressure 
testing and final storage. Corrosion pits 
can act as severe stress-raisers and, in con- 
junction with hydrogen, have been demon- 
strated to cause catastrophic failure. It 
therefore goes without saving that pitting 
corrosion is a serious hazard.” 


e Reliability and growth . . . the parallel 


Pratt & Whitney Aircraft data reveal 
rocket-cases can now be built from beta 
titanium at strengths 17 percent greater 
than alternate metals, with beta tita- 
nium’s strengths bounding forward under 
a minimum of development. 


A striking parallel exists in liquid- 
fueled rocketry where titanium alloy 
Ti-6Al-4V was selected for helium stor- 
age bottles in the Atlas missile because 
of its strength/density ratio. Airite 
Products, Inc., a leading supplier of the 
titanium vessels, reports: 


“Minor modifications in processing 
techniques and continuous tightening 
of tolerances and other variables have 
shown an increase from the original 
5400 psig average burst pressure to 
the present average which is in excess 
of 9000 psig. 


“This has been done without increas- 
ing the weight of the article by one 
ounce. Weight of the unit, incidentally 
is controlled to a tolerance of plus or 
minus one-half pound, on a weight of 79 
pounds, and volume is controlled and 
guaranteed to plus or minus one percent.” 


While the performance of the titanium 
pressure vessels has been almost 
doubled, the price has been reduced 
almost 50 percent — and the missile 
has become operational. 


Titanium: “Like other titanium alloys. the 
beta titanium alloy has excellent resistance 
to corrosion under normal atmospheric 
conditions, in salt water as well as in many 
other media. 


“In considering the long-time storage 
problems with rocket cases—a pit in a thin- 
walled casing can be catastrophic — we 
would regard the beta titanium alloy as the 
outstanding material under consideration.” 


e When a case fails, so does the missile 


The price of completed beta titanium 
rocket-cases is now estimated at 2'4 
times the price of other metals, with 
titanium cases virtually in their infancy. 
Should the titanium cost difference re- 
main, the pay-off would still be two-fold: 


1. Cost: engineering time, would be 
greatly curtailed; expensive fuels 
(for example, 30 pounds of fuel are 
required in earlier stages for each 
additional third-stage pound ) would 
be saved. 


2. Reliability: titanium cases simply will 
not pit, rust, deliquesce, or become 
hydrogen embrittled. 


Added together, these elements 
mean feasibility—feasibility supported 
by the commercial availability of the 
metal itself. Beta titanium alloy 
Ti-13V-11Cr-3Al is available from 
Titanium Metals Corporation of 
America at these lead times: billet, 
2-3 weeks; bar, 3-4 weeks; flat-roll, 
5-6 weeks. TMCA’s metallurgical ex- 
perience with the alloy is yours for 
the asking. 


SPECIFIC COMPARISON: Strength 


Practical 
Yield Str 


155 ksi 
stee! at 270 ksi 

Ti-13V-11Cr-3Al 0.175=/in? 180 ksi 
(Beta) stee! at 280 ksi 

190 ksi 
steel at 305 ksi 

200 ksi 
steel at 320 ksi 


Burst Test 
Results show 
titanium has 
provided con- 
sistent burst 
Strengths of 
235,000 psi 
burst 
strength/ 
density ratio 
of 1,340,000. 
Failure occurs 
in the wall of 
the case itself 
— not the weld 
zones. Titani- 
um cases do 
not fragment. 


— a 


For further information, write 
for TMCA Data Bulletin All-Beta 
Titanium for Solid Rocket Pressure 
Chambers. Extensive welding 
information is included. 


TITANIUM METALS 
CORPORATION OF AMERICA 
233 Broadway, New York 7, N.Y. 


SALES OFFICES: NEW YORK 
CLEVELAND + CHICAGO * DALLAS + LOS ANGELES 
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Now you can produce higher strength, 
higher stressed parts on existing pro- 
duction equipment with Republic 
HS6460 High Strength Powder. 


HS6460 is a soft, alloy powder with 
excellent compressibility. It makes pos- 
sible higher tensile strengths than ever 
before achieved with ferrous powders. 
Provides a minimum tensile strength of 
60,000 psi at 6.4 density as sintered 
—100,000 psi after heat treatment. 


Excellent carbon compatibility en- 


hances its ability to be heat treated. 

HS6460 can be used for comparable 
strength structural parts at lower 
manufacturing costs than obtainable 
with copper infiltration. Additional 
production economies can be obtained 
because fewer operations will be 
required to obtain high density, high 
strength parts. 

For technical data on HS6460 High 
Strength Powder, including fatigue and 
impact test results, mail the coupon. 
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HIGH STRENGTH STEEL SOLVES WEIGHT PROBLEM in Hydro E-Z Pack 
enclosed truck bodies, manufactured by Hercules Galion Products, Inc., 
Galion, Ohio, for haulers of refuse and garbage. Tough, strong, lightweight 
Republic “50” High Strength Steel allows an E-Z Pack unit to be carried on 
a chassis as small as a two-ton truck. Reduced weight permits increased pay- 
load—fewer trips to the dump. High Strength Steel withstands the heavy com- 
pressive force of packer blades, allows tight action of loaded materials. 
long, dependable service is assured by high resistance to the corrosive and 
abrasive action of refuse. Write for full facts on Republic High Strength Steel. 


CONSISTENTLY HIGH PAINT-HOLDING CAPACITY makes Republic 
Electro Paintlok® Steel Sheets ideal for (1) water cooler housings; 
(2) exterior panels of ranges, freezers, dryers, washers, air-condi- 
tioners, and other major appliances; and (3) cabinets for home, 
commercial, and industrial applications. Electro Paintlok increases die 
life, and permits faster fabrication, with correspondingly lower costs. 
May be stored for extended periods under approved warehouse 
diti Send pon for more facts. 


REPUBLIC ELECTRUNITE® HYDRAULIC FLUID LINE TUBING SOLVES 
FAILURE PROBLEM resulting from longitudinal or transverse cracks. 
No failure from these causes has ever been reported in the history of 
the product. ELECTRUNITE gives you more tube per dollar. It provides 
utmost uniformity, assures better bending and flaring, offers appre- 
ciable savings in downtime. Available in all sizes shown in JIC 
Standards Book, and meets the requirements of SAE Standards. Mail 
the pon for lete information. 


REPUBLIC STEEL CORPORATION 

DEPT. MP -8311-A 

1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 
Send more information on: 

C2) HS6460 High Strength Powder 

C) ELECTRUNITE Hydraulic Line Tubing 

©) High Strength Steel 2 Electro Paintlok 


Zone___ State 
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The use of X-ray spectrography and X-ray diffraction in industry has enjoyed tremendous expansion in the 
past decade, and is now universally recognized as an indispensable aid in product quality and production 
control. Traditionally, metallurgical applications and requirements have set the pace for the rapid develop- 
ment of X-ray instrumentation—and is in fact reflected in the many special instruments specifically 
designed to cope with metals industry problems. 

This parallel progress has been of paramount and essential aid in the development of many metal- 
lurgical processes and alloys. Applications range from intimate explorations of the atomic structure of 
elements—on a single laboratory specimen to automatic analyses of quantities of samples—through rapid 
measurements of claddings or plating thickness. 

One of these X-ray processes are applicable to most metallurgical analytical problems and can be engi- 
neered to specific requirements. Our Technical Department will be pleased to discuss your problem or 
show you how to save processing dollars, without obligation whatever. 


UNIVERSAL VACUUM 
X-RAY SPECTROGRAPH 


The new Norelco Universal 

Vacuum X-ray Spectrograph 

exibility by permitting opera- x 

tion with air, helium or vacuum. X-RAY DIFFRACTOMETER DIFFRACTION 


Evacuating the X-ray path pro- Permits automatic recording of UNIT 


vides higher intensities in the the diffraction spectrum by the 
entire range of elements from addition of a wide range 


#12 (magnesium) through #30 goniometer and electronic 
(zinc), and is of particular im- circuit panel to the basic 
portance in the range of elements diffraction unit. High speed 

up to sulphur (#16). _ detectors and electronic circuitry 
New design features include: used in place of diffraction 
SPECIMEN CHANGER — per- cameras provide rapid and more 
mits simultaneous top loading of accurate determinations. 

four multi-purpose specimen 
holders and successive analysis 
of samples without breaking 
vacuum. 

CRYSTAL CHANGER — holds 
two externally selectable analyz- 


Power source for X-ray 
diffraction or spectrography 
this fully regulated unit 
provides up to 50 MA and 
50 KV for X-ray diffraction, 
diffractometric or 
spectrographic applications. 


ing crystals which permits an ex- 
tremely broad analyzing range. 
DETECTORS — Scintillation 
and flow-proportional detectors 
are both mounted on goniometer 
arm and are available for selec- 
tive usage. 


COMPLETE X-RAY 
SPECTROGRAPH 


Permits rapid, accurate, 
non-destructive analysis of 
elements within a sample 
regardless of free or combined 
state. Chart position of the 
spectral peaks identify elements; 
quantity present is indicated by 
the height of the peak. A variety 
of special spectrographic 
attachments may be used— 
including the standard, 
universal-vacuum, and bulk. 
The latter is indicated with large 
slug specimens up to ten inches 
wide and two inches thick. 
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“PORTASPEC” — 
PORTABLE X-RAY 
SPECTROMETER 


Lightweight and easily 
portable, the new “Port- 
aspec” can be used for 
in-process control of 
metals, alloys and 
chemicals, for assaying, 
field checking of leaded 
fuels, identification 
and sorting of plate and 
bar stock, plating thick- 
ness gauging, film thick- 
ness measurements and 
other related applica- 
tions. 

The “Portaspec” con- 
sists of two units: the 
first, a detector head or 

robe, contains a new 

-ray tube, a lithium 
fluoride crystal, two col- 
limators and an argon 
filled Geiger counter. 
The second unit is the 
power supply which 
provides the necessary 
voltage. 


AUTROMETER 


A completely automatic multi- 
indexing X-ray spectrograph de- 
signed to sequentially analyze up 
to twenty-four elements in a 
single sample. The Autrometer 
provides quantitative analysis 
within a wide range of selectable 
statistical precisions, using the 
X-ray spectrum for comparative 
analysis of elements ranging 
from #12 through all eighty- 
seven of the heavier elements. 
This is the first X-ray spectro- 
graphic instrument capable of 
routinely accumulating complex 
analytical data and presenting it 
in a simplified form by compar- 
ing the sample with a standard. 

Metallurgical applications in- 
clude its use as a quality control 
instrument by major producers 
of stainless steel and zinc to 
maintain critical alloying specifi- 
cations. 


CONTINUOUS PLATING 
THICKNESS GAGE 


Single or dual head for measur- 
ing the thickness of the coatings 
on one or both sides of stationary 
or rolling base stock. This unique 
spectrographic procedure per- 
mits an accuracy of .01 pounds 
per base box, (in the case of tin), 
at line s s up to 900 feet per 
minute. The pass band variation 
is plus or minus % inch. A spe- 
cial version of this gage permits 
determining the thickness of gal- 
vanized coatings. 


® 
Norelco PHILIPS EvEcTRONIC INSTRUMENTS 


Serving Science 
and Industry 


A Division of Philips Electronics and Pharmaceutical Industries Corp. 
750 SOUTH FULTON AVENUE, MOUNT VERNON, N. Y. 


in Canada: Research & Control instruments + Philips Electronics Industries Ltd. + 116 Vanderhoof Ave. « Leaside, Toronto 17, Ont. 
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Servo Motor has sectional 
housing, leakproof oil wick, 
printed circuits for simplified 
servicing. Any major part can 
be replaced in 2 minutes. 


* 


Constant Voltage Module 
— Uses Zener diodes and an 
ambient temperature com- 
pensator fo replace stand- 
ardizing mechanism. 


Measuring Circuit Module—Con- 


tains easily-changed range spool 
panels and vernier adjustment. Range 
is changed simply by replacing 
screw-clip panels of fixed resistors. 


Amplifier Module—Quvick- 
connect design permits fast, 
easy removal for servicing 
and replacement. Circle shows 
quick connect plug. 


THESE FOUR NEW FEATURES ARE STANDARD WITH ALL ElectroniK POTENTIOMETERS 
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New modular 


makes ZlectnoniX potentiometers 
easier to use and maintain 


Now, four great new features add new operating 
and servicing ease to all ElectroniK circular and strip 
chart potentiometers. 


® New servo and chart drive motors are sectionalized so 
that any major part can be replaced in two minutes. 


® A new constant voltage unit replaces batteries, stand- 
ard cells and standardizing mechanisms. 


® A new measuring circuit, with quick-change range 
spools, simplifies range changing and reduces stray 
pickup. 


© A quick-connect feature lets you remove the amplifier 
for service and replace it quickly. 


Now, modular design is combined with the traditional 
precision of ElectroniK potentiometers, to give you a 
greater value than ever in accurate, dependable 
measurement and control. 


For full details, call your nearby Honeywell field 
engineer today. He’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywell 
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improved ALODINE 


for aluminum 


IN LESS TIME—ALODINE 1200S provides increased 
chemical activity for dramatic reduction in proc- 
essing time . . . up to 50% in most cases! You get 
far faster processing than ever before, with the 
same high quality protection! 


WITH LESS EQUIPMENT—You can install an 
ALODINE 1200S system quickly and conveniently, 
without resorting to mechanical bath maintenance! 
That means no dangerous, time consuming check- 
ing routines with the possibility of bath contamina- 
tion always present! 


AT LESS COST—ALODINE 1200S can be processed 
through continuous dip in the same time cycle 
other conversion coatings require for continuous 
spray lines! This dip technique reduces initial 
equipment costs, slashes maintenance costs to a 
minimum and allows aluminum fabricators to uti- 
lize conversion coatings more frequently for a wider 


Write for Bulletin 1424A 
describing use of Alodine 
for aluminum fabrications 
of all types. 


Cost Saving, 

Time Saving 
ALODINE 1200S 
Pre-Paint Treatment 
Protects Aluminum 
Best! 


range of product applications! Whatever the appli- 
cation method—brush, dip, continuous strip or 
spray—ALODINE 1200S may be the answer to 
your production problems. 


FOR MORE FLEXIBILITY—Most important, its ease of 
operation, safety in use and versatility enables 
ALODINE 1200S to answer one of the most per- 
plexing problems inherent in providing corrosion 
protection and paint bonding qualities for alumi- 
num—the problem of constant, uniform quality. 
ALODINE 1200S is qualified under Government 
Specification MIL-C-5541. 


Investigate cost saving, time saving ALODINE 
1200S today! And whenever you have a chem- 
ical finishing requirement for aluminum—any 
type of aluminum—there’s an ALODINE proc- 
ess available to protect or decorate the metal, 
and anchor the paint finish more securely. 


Typical ALODINE 1200S 
strip line installation at 
ALSCO, INC. Strip from 
aluminum coil is fed into 
Alodine processing baths 
where it is cleaned, rinsed, 
deoxidized, rinsed, coated 
with ALODINE 1200S, 
rinsed and given a final 
acidulated rinse. Strip is 
then rewound, roll coat 
painted, roller formed into 
final shape, backed, in- 
spected and packed for 
final shipment. 


ALODINE 12008 


another chemical development of AMCHEM oe INC., Ambler 23, Pa. 
(Formerly American Chemical Paint Co.) 


' Detroit, Mich. + St. Joseph, Mo. * Niles, Calif. * Windsor, Ont. Amchem and Alodine are registered trademarks of Amchem Products, Inc. 
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, ANEW CONCEPT FOR USING OXYGEN IN ELECTRIC FURNACES | 


Figs. 3 & 4. Top and side views of a typical door burner installation designed by LINDE for electric arc furnaces having a capacity under ten tons. 


NEW CONCEPT FOR USING 
OXYGEN ELECTRIC FURNACES 


G. W. Hinds 
Dev t Engineer, Devel 


Lad 


t Laboratory 


Linde Company, Division of Union Carbide Corporation 


Introduction 


Today, more than ever before, there are many new tech- 
niques constantly under investigation to help the electric 
furnace industry continue to improve its competitive 
position. How to increase production and lower costs has 
been under intensive study throughout the industry. In 
this respect, a few electric furnace shops have experi- 
mented with air-gas burners fired through the door, roof, 
and into scrap buckets to pre-heat scrap both before and 
after charging to utilize lower cost heat and to increase 
production. 

Recently, a practical process has been developed by 
Linde Company for using oxygen to assist scrap meltdown 
in electric-arc furnaces. This process utilizes newly- 
designed oxygen-fuel gas “door” or “wall” burners to speed 
this operation. 

Based on production tests, the use of this equipment 
has resulted in these major advantages: 


. PRODUCTION HAS INCREASED FROM 15 
TO 20 PER CENT. 

. POWER CONSUMPTION HAS DECREASED 
15 TO 20 PER CENT. 

. THE USE OF OXYGEN HAS RESULTED IN 
UNIFORM SCRAP MELTING RATES. 

. ELECTRODE CONSUMPTION REMAINS 
NORMAL WITH THIS PROCESS. 


Oxygen-Gas Burner for 
Rapid Scrap Meltdown 


In early development, it was known that oxygen should 
reduce scrap meltdown time. On this basis, tests were 
conducted wherein oxygen and gas pipes were positioned 
at all angles to each other from parallel to perpendicular 
for post mixing. A concentric burner design shown in 


Figure (1) was found to perform best. With this type of 


Test Results 
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burner, oxygen flows through the center pipe while natural 
gas flows through the surrounding annular pipe. This 
equipment became the basis of present burners known as 
“door burners” and “wall burners.” 


Fig. 1. Linde Company concentric burner design which is basis for door and 
wall burners. 


Door Burners 

A typical door burner is shown in Figure (2). Although 
the burner as shown is not water-cooled, a water-cooled 
jacket may be provided. 

Installation of this burner is relatively simple. It is only 
necessary to support the burner through a hole in the 
door so that the burner can be directed as required at 
scrap between the electrode and furnace wall as shown in 
Figures (3) and (4) on opposite page. In initial tests, the 
burner can be supported through a partially opened door. 


Fig. 2. A typical door burner designed by LINDE. 


Wall Burners 

A typical water-cooled wall burner of Linve’s design is 
illustrated in Figures (5) and (6) shown below. Gener- 
ally, three or more burners of this type can be installed on 
furnaces ranging in capacity to 200 tons or more. 

A primary consideration for the successful use of wall 
burners is that their installation should be practical and 
should not be complicated. Combination wall port and 
water-cooled burners have been found to give satisfactory 
maintenance-free operation. A special feature of their de- 
sign is that separate port coolers are not required. The 
non-cooled oxygen pipe can be quickly removed for tip 
cleaning if necessary. The burners are positioned tangenti- 
ally in the wall and directed downward at an angle of 
approximately 15° from the horizontal. This is to allow 
direct scrap contact for as long a period as possible. 


Controls 

To supply fluids to the burners, it is necessary to install 
water, oxygen and natural gas manifolds around the fur- 
nace shell. A water pressure of 20 to 30 p.s.i. is maintained 
at the burners. 

Every auxiliary burner furnace installation should in- 
clude a control panel near the furnace as shown schemat- 
ically in Figure (7). Automatic safety valves shut off 
the flow of both oxygen and fuel gas in the event that ab- 
normally wide pressure variations occur. 


Operation 

Auxiliary burners for scrap meltdown are turned on after 
the furnace has been charged. They are then operated 
continuously for as long as they can be effective on scrap 
remaining in the furnace. The precise moment for turn- 
ing on the burners varies with charging practice. In door 
charging practice, it is as soon as there is sufficient scrap 
in the furnace. In top charging, the burners are turned 
on either slightly before or immediately after dropping the 
charge into the furnace. 


Figs. 5 & 6. Top and side views of a typical wall burner installation designed by LINDE for electric arc furnaces having a capacity of ten tons and over. 
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Fig. 7. Schematic view showing burners and controls for a wall burner 
electric furnace installation by LINDE. 


Flow rates are established in accordance with data in 
Table (1) by appropriate adjustments at the control panel. 
When starting on a new charge in wall burner practice, the 
flame should be adjusted to a minimum for a a minutes 
to allow time for the burner flames to cut into the scrap 
directly in front of the burner ports. This will prevent 
flame deflection against the wall. 

Numerous tests on all size furnaces indicate normal 
refractory and electrode consumption. With water-cooled 
wall burners, the brick lining around the burners remains 
intact with very little wear. 


Test Results 


Principal effects of the auxiliary meltdown oxygen-gas 
burners are faster meltdown time and lower power con- 
sumption. Several important effects other than these are: 


1. Scrap is melted uniformly away from the walls and 
banks early, thereby reducing the possibility of bro- 
ken electrodes due to scrap cave-ins. Furnaces with 
low capacity transformers have difficulty melting scrap 
around the edges of the bath. The scrap hangs in 
ledges around the walls and frequently falls into the 
bath late in the heat, causing unexpected analysis 
changes. 

2. Burners can be directed toward furnace “cold 
spots” to accomplish uniform meltdown and to elimi- 
nate scrap hangers. 

3. Burners can be operated during each back charge. 
Burner operation during periods of “power-off” is 
considered exceptionally worthwhile since the flame 
continues to heat and melt the scrap. 

4. Burners can be operated on the cold charge in 
newly relined furnaces prior to arrival of furnace 
crew. 

5. Light, voluminous scrap melts rapidly rather than 
hanging up in a mass. 

6. Furnace overtime can be reduced. 


Effect on Production 

Tests on various size furnaces have shown unusually con- 
sistent differences between heats made with burners and 
heats made without burners. Figure (8) illustrates typi- 
cal differences in meltdown power and meltdown time 
when oxygen-natural gas burners are used during the 
melting period of every other heat. In initial test work, 
the burners were operated at the oxygen-natural gas ratio 
of 2 to 1. This was found to result in an excessively high 
FeO value in the slag and low carbon values at meltdown. 
Near normal “melt-in” analyses were obtained by using 
the reducing ratio of 1% to 1. 

Evaluation tests in a 50-ton door charge furnace having 
two back charges produced the following results when 
two burners were fired through the side door at flow rates 
of 10,000 cfh oxygen and 7,000 cfh natural gas each. Melt- 
down time was reduced 15 per cent and meltdown power 
decreased 19 per cent. No differences were noted in bath 
temperature at “melt” or in furnace yield. 


Table | — Representative Oxygen and Fuel Gas Flows for Scrap Meltdown in Electric Furnaces 


Type Furnace Number Flow Rate/Burner Total Flow Rate 
Burner Size of Oxygen Gas Oxygen Gas 
tons Burners cth cfh cu. ft. per hour cu. ft. per hour 
1 1 3,000 2,000 3,000 2,000 
2 5,000 3,300 5,000 3,300 
: 4 1 6,000 4,000 6,000 4,000 
8 1 7,500 5,000 7,500 5,000 
10 3 3,000 2,000 9,000 6,000 
20 3 6,000 4,000 18,000 12,000 
ee 30 3 7,500 5,000 23,000 15,000 
80 3 11,000 7,500 33,000 23,000 
100 4 9,000 6,000 36,000 24,000 
200 4 10,000 6,700 40,000 27,000 
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Fig. 8. Typical differences in meltdown power and meltdown time when “Linde” oxygen-natural gas burners are used during every other heat. 


Single burner operation with 11,400 cfh oxygen and 
7,600 cfh gas in a 20-ton top charge furnace reduced the 
average meltdown time 15 per cent. The fact that melt- 
down power was only reduced by 14 per cent is attributed 
to the type of scrap used. Three back charges were 
required. 

Similar results were obtained when operating a 4-ton, 
top charged furnace for making low carbon steel castings 
and using a door fired burner for 30 minutes. The average 
total power was reduced approximately 15 per cent. The 
tap-to-tap time was reduced by 15 per cent, while the 
production increased by 14 to 20 Ibs. per minute. 

Exceptional savings have been experienced in a shop 
having only one 1500 KVA transformer for two 4-ton fur- 
naces. A single oxygen-gas burner was operated through 
the door of one fully charged furnace, while meltdown 
proceeded normally in the second furnace. On both stain- 
less and ordinary carbon steel, power requirements were 
reduced by 30 per cent and heat time was reduced from 
30 to 50 per cent. Because of limited transformer capacity, 
the burner was operated for approximately 14% hours 
before power was made available. However, for normal 
operation, oxygen-gas burners and power should be used 
simultaneously. 


Conclusion 


The use of oxygen-fuel gas burners for scrap meltdown in 
electric furnaces results in increased production accom- 
panied by power savings with normal electrode — 
tion. In most shops, the operation of auxiliary scrap melt- 
down burners is of primary importance under one or 
more of the following circumstances: 


1. When finishing capacity exceeds furnace capacity. 
2. When the need exists for increased production. 
3. When power supply is subject to interruption. 


4. Where there is excessive furnace overtime. 


Oxygen-fuel gas burners for scrap meltdown promise 
to fill a long standing need on the part of electric furnace 
operators. The lower power consumption and increased 
production associated with these burners can play an im- 
portant role in improving the competitive position of 
older shops. When included in the design of new furnace 
installations, these burners can reduce capital expendi- 
tures while increasing production capacity. 
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Other Uses of Oxygen 
in Electric Furnaces 


The previously mentioned application of oxygen-fuel Bas 
burners will undoubtedly prove to be of practical value 
to the electric furnace industry. Although this application 
is new, oxygen itself has been employed as a tool in elec- 
tric furnace practice since the Second World War. It has 
been used widely throughout the industry —in all sizes of 
furnaces from one to over two hundred tons—for refining 
carbon, alloy and stainless steels. In each of these opera- 
tions, the use of oxygen provides increased production ac- 
companied by substantially reduced power consumption. 

In addition to the above mentioned applications, the 
industry has given close scrutiny to the use of oxygen for 
desiliconizing hot metal. 

The following is a brief discussion covering the use of 
oxygen for these practices. 


Fig. 9. Typical water-cooled oxygen jet. 


Oxygen in Carbon and Alloy Steels 


Oxygen has been introduced into the electric furnace bath, 
both by means of a water-cooled jet or a consumable 
lance pipe. With the jet, shown in Figure (9), oxygen is 
supplied at varying flow rates up to more than 100,000 
cu. ft. per hour. These high rates are double or triple those 
normally used in the past. The equipment is adaptable to 
furnaces of all sizes. It consists of three concentric tubes. 
The internal tube is used to conduct the oxygen to a 
copper head containing a single nozzle designed to give 
the required oxygen flow at a constant pressure. The head 
is angled to give a vertical or near vertical oxygen stream 
to the bath. The remaining tubes are employed to conduct 
the cooling water to and away from the head. 
Consumable lance pipes, shown in Figure (10), have a 
life of 1-3 feet per minute, the higher consumption being 
experienced during the lancing of stainless steel melts. 
The internal diameter of the lance should be selected 
according to the pressure and flow of oxygen. Lance life 
can be extended 50% or more by coating with refractories. 
Table 2 shows the typical lance sizes employed for vari- 
ous flow rates at line pressures between 125 p.s.i. and 150 
p-s.i. The pressure measured at the head of the lance 
may be some 25 per cent lower. 


Fig. 10. Typical oxygen consumable lance pipe and holder. 


FLOW RATE LANCE SIZE 
Cu. ft./min. in. 
up to 250 
250-300 
300-450 %” 
450-600 
Table 2. Typical lance sizes employed for various flow rates at line pressures 


between 125 p.s.i. and 150 p.s.i. 


Higher working pressure will obviously increase the rate 
of flow, but the available pressure is often restricted by 
the supply pressure and the distance from oxygen storage. 
It is customary to introduce the lance through the charging 
door at an angle of approximately 25° to the bath surface 
and to hold the tip at a depth of four to six inches below 
the slag-metal interface. With a little practice, the operator 
becomes familiar with the sound and feel of the lance 
and can judge when the correct immersion position has 
been obtained and when the lance requires feeding farther 
into the bath. 


Requirements for Carbon Removal 


The rate at which carbon can be removed from a bath 
of molten steel in an electric furnace depends on a number 
of factors. They are: initial carbon content, range in which 
carbon is removed, concentration of FeO in the slag, metal 
temperature, rate and time of oxygen input, presence of 
other elements, bath weight, and slag-metal contact area. 
Other factors peculiar to a particular furnace may also 
influence the rate of carbon elimination. However, one or 
more particular factors may have an overriding influence 
in different operations. 

Oxygen lancing and jetting have proved capable of 
reducing carbon at a rate much greater than the ore boil, 
with no deleterious effect on furnace refractories, and in 
general, an improvement in steel quality. The greater car- 
bon removal rate is accompanied by a higher temperature 
increment and hence a reduction in power consumption. 


Oxygen in Stainless Steels 


Before the introduction of the oxygen lance and jet, stain- 
less steels were made either by melting a charge of mild 
steel scrap, decarbonizing with ore a adding the alloy- 
ing elements in the form of very low carbon ferro-alloys, 
or by melting a mixture of stainless steel scrap and mild 
steel scrap and removing the carbon, together with a large 
proportion of the chromium, by means of ore. A third 
method was to melt mild steel scrap, remove the carbon 
to a low limit, add a similar weight of stainless steel scrap 


and bring the charge to the required composition with low 
carbon ferro-chrome. 

Perhaps the most important development in the use of 
gaseous oxygen in electric furnace practice is the intro- 
duction of oxygen lancing in the manufacture of all types 
of stainless steels. The technique has been successfully 
applied to removing carbon from steel in the presence of 
high percentage of chromium, enabling high quality stain- 
less steels to be produced from 100 per cent stainless steel 
scrap charges. Prior to the introduction of this method, 
most types of stainless steel scrap had little commercial 
value and large quantities were dumped. This meant a 
considerable loss of valuable nickel and chromium to the 
metallurgical world which could only be replaced by 
virgin materials. As a result, the cost of producing stainless 
steels, particularly those containing nickel, tungsten and 
molybdenum, was extremely high. 

The equipment required for decarbonizing stainless 
steel melts is essentially the same as that used for carbon 
steel production, except a higher specific flow rate is re- 
quired and consequently, for an identical size furnace, a 
larger bore lance may be employed. 

Oxygen flow rates should be as high as practicable, since 
the carbon will be eliminated at a greater rate with a high 
flow rate and a lower carbon will result. Figure (11) illus- 
trates the difference in decarbonizing at varied input 
rates. This is particularly important when producing low 
carbon stainless steels. A high flow rate often improves 
refractory life since the blow is completed in the minimum 
time. With a prolonged blow the furnace hearth is held 
at a high temperature for an excessive time, resulting in 
increased wear. 
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Oxygen Desiliconization for Hot Metal 
in Electric Furnaces 


With the continued search within the steel industry for 
methods of increasing production without the necessity 
for high capital outlay, the use of the oxygen lance or 
jetting probe for silicon removal from hot metal has come 
under close examination. 

The quick removal of silicon subsequent to refining can 
be attractive to many operators because it increases 
production by reducing refining time. For example, in the 
electric furnace, the elimination of three-fourths of the 
carbon in hot metal and all of the silicon so greatly speeds 
melting operations that output can almost be doubled. 
Some furnaces in Germany are already operating with this 
practice, usually by blowing oxygen into the arc furnace, 
but good results have also been obtained in experimental 
heats where the desiliconizing has been accomplished 
prior to the charging. 


Oxygen Supply and 
Delivery Methods 


With today’s increasing oxygen demand, new methods of 
production and distribution are constantly being sought 
and found. These methods not only lower the cost of 
oxygen, but enable it to perform in new capacities as well. 
The steel industry has been the recipient of the majority 
of these new methods. Oxygen service is actually tailored 
to fit the customers’ needs, with the type of service de- 
termined by the volume and pattern of oxygen use. 

The various methods of supply that service all steel 
plant activities can be broken down roughly into four 
categories. They are: on-site tonnage plants, “Driox” 
oxygen (liquid delivery and storage), “Cascade” oxygen 
(manifolded gas receivers), and cylinders. 


On-Site Plant 


This is a gaseous-oxygen producing unit which, if installed 
in conjunction with a liquid oxygen storage system and 
a dependable source of shipped-in liquid oxygen, is 
most economically installed as a single production unit. 
Otherwise, reserve or standby units are needed, full or half- 
size, depending on the degree of continuity of supply that 
is required. The plant is built on, or very near the user's 
property, and is usually provided, installed, operated and 
maintained by the oxygen supplier. The user generally 
provides utility services to the plant and the oxygen dis- 
tribution pipelines. The on-site oxygen producing unit can 
be made to produce oxygen with capacities ranging from 
several tons per day to hundreds of tons per day. Except 
under very unusual circumstances, it is not economical to 
install an on-site plant for a requirement of less than 10 
tons per day (7 million cu. ft. per month). Because it is 
not practical to store more than several hours output from 
an on-site plant, they are generally only installed where 
operations are conducted on a 15-21 turn per week basis. 


19% C BEFORE 
0.36 % C BEFORE 
10- TON FURNACE 
Fig 11. inflwence of rote on progress 


On-Site Oxygen Plant 


Liquid Delivery—Liquid Storage 
With this method, mass-plant produced liquid oxygen is 
transported by truck or railroad tank car and stored as a 
liquid at the user’s location. When it is needed, the oxygen 
is automatically converted to gas under pressure and car- 
me ried through the user’s pipelines to the various points of 
operation. It is ideally suited for the user whose require- 


ments are intermittent, and can be provided for virtually 
any volume. 


Litho in U.S.A. 


The terms “National”, “Linde”, Driox”, “Cascade” and ‘Union Carbide" are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY 
Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N. Y. 
IN CANADA: Union Carbide Canada Limited, Toronto. 


Liquid Delivery—Gas Storage 


Oxygen is delivered into high pressure manifolded re- 
ceivers from a liquid transport truck. The liquid oxygen 
is converted to gaseous oxygen by special truck-mounted 
converters as it is being delivered from transport truck to 
the manifolded receivers. This system is generally used 
when requirements are less than 400,000 cubic feet per 
month. 


Cylinders 


Cylinders range in size from units that hold as little as 
80 cu. ft. to units containing as much as 244 cu. ft. They 
are portable and are used almost entirely for maintenance 
in the plant. 

The newest development in cylinder supply is the liquid 
oxygen container developed by Linde Company in 1955. 
This cylinder is roughly the size of a 55-gallon oildrum 
and holds the liquid equivalent of 3,000 cubic feet of 
oxygen gas. Liquid oxygen is converted to gas, as needed, 
by equipment built into the cylinder. 

All of these four methods of oxygen supply are utilized 
by the steel industry. As was previously mentioned, each 
stee] plant's oxygen requirement is the key to the type of 
oxygen delivery or on-site unit it receives. It may be eco- 
nomically sound for a large, steady customer of oxygen to 
employ an on-site oxygen-producing unit. On the other 
hand, a plant with a smaller or intermittent oxygen con- 
sumption can realize the same economic advantage 
through delivered oxygen. 
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How a Major Railroad Saves 


OVER PER 


with 
for heating rivets. 


= 


Rivets are delivered to the riveter at the right tempera- 
ture, at the right time, and of the right size. This 
headwaiter for rivet-hungry box cars is a TOCCO 
Induction Heating Unit with ingenious tooling that 
selects the proper one of 10 sizes of rivets and shoots 
it to the riveter in seconds. 


Savings in Labor—User reports a whopping labor sav- 
ings of 6240 man hours per year since installing TOCCO. 


Savings in Fue}+-$1,500 is saved in fuel alone since the 


switch from an old-fashioned oil furnace. ! Mail Coupon Today— NEW FREE Bulletin 

The Ohie Crankshaft Co. + Dept. R-12, Cleveland 5, Ohie 
Se malate nenco—Hundreds of Please send copy of “Typical Results of TOCCO Induction Heating for 
saved in maintenance costs since installing , | Forming nd Forging.” 
S ss in Time—Formerly, riveters had to wait for | Name 
rivets to get hot. Now there is no waiting time. Pesition 

Cc 
If you are seeking ways to speed production and | posite 
Address 

lower costs, look to TOCCO for economical heating | City y, es 
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Greater visibility, trimmer lines 
in new car styling... 


thanks to GAS 


With nearly 7,000,000 cars being produced annually, 
the increased use of glass has demanded major produc- 
tion improvements in the manufacture of new pano- 
ramic windshields and back-lights. 

Since the forming of the intricately curved glass is 
done at a temperature at which glass is soft and can 
be bent, the production process challenged heat process 
engineers to design new automatic equipment capable 
of mass producing these large precision glass pieces. 

Selas engineers, working with the nation’s leading 
glass manufacturer, discovered that Gas could produce 
the proper time-temperature cycle demanded by this 


process, efficiently, quickly, reliably. The flat glass is 
conveyed under radiant Gas burners which bring the 
glass quickly up to bending temperature and allow the 
shaping of windshields, with reproducible uniformity, 
at high production rates. 

The production of this wrap-around windshield is 
another example of the contributions modern Gas 
equipment is making to American manufacturing. If 
you have an operation demanding precise process heat- 
ing, call your local Gas Company’s Industrial Specialist 
and discuss the economies and results you, too, can get 
with modern Gas equipment. American Gas Association. 


See Playhouse 90 with Julia Meade on CBS-TV. Watch local listings for time and station. Sponsored by your Gas Company and the Gas Industry. 
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New, extra fine calcium stearate 
promotes surface coverage 


FLEXICHEM CS is a new impalpable calcium stearate of such 
fine particle size that it defies measurement by usual screening 
methods. Its average particle size is 5 to 7 microns while max- 
imum size will range to only 20 microns. 

For producers of powder metal parts, this unique property can 
spell greater surface coverage and improved lubricity for every 
pound of FLEXICHEM CS used. For users of resin coated sand, 
FLEXICHEM CS may be used as a mold release agent, to pro- 
mote improved flowability, or as an internal lubricant. 

In addition, FLEXICHEM CS contains less than 0.6°;, mois- 
ture, is extremely low in water soluble salts, and has less than 
0.2 PPM of combined arsenic and lead. Look over its other 
properties on the chart—then write for details on a trial or 
sample quantity of Swift’s new FLEXICHEM CS. 


FLEXICHEM is Swift's trade name for a new family of 
“light” metallic complexes made possible by a new simplified 
reaction process. The benefit of Swift’s development experi- 
ence in utilizing these new stearates is available to serve you. 
Write for details. 


SWIFT & COMPANY 
SOAP DEPARTMENT 
4115 Packers Ave. Chicago 9Q, Illinois 
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FLEXICHEM CS 
GENERAL PROPERTIES 


Type of salt: Di 

Physical form: impalpable powder 
Particle size: 20 microns maximum 
Color: White 

Formula: Ca (CisH3502)2 
Odor: Bland 

Bulk density: 20 Ibs. per cu. ft. 
Melting point: 147°-149° C. 
Moisture: 06% 

lodine number: 2 maximum 


Solubility: Insoluble in water, al- 
cohols, esters and ketones. Slightly 
soluble in hot benzene, toluene, xylene, 
carbon tetrachloride, vegetable and 
mineral oils. Soluble in hot pyridine. 


For further details, write for Bulletin 42, 
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lron Fireman says: 


“We hold difficult worm shafts straight to within 


That's the report from Stanley J. Kovac, Chief Produc- 
tion Engineer of Iron Fireman Manufacturing Com- 
pany, Cleveland, Ohio—makers of the well-known Iron 
Fireman industrial and domestic oil burners. 

“One of the toughest jobs in our department is the 
heat treating of worm drive shafts for our industrial 
furnace units,” says Mr. Kovac. “Screw threads and 
other profile changes in these shafts create many vari- 
ations in diameter, from 134” down to 1”—setting up 
the danger of corkscrewing. 

“Our maximum out-of-straight limit on these shafts 
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is .030”. But with Gulf Super-Quench in the bath we 
hold straight to within .020” on the average. This 
amounts to considerably less distortion than we experi- 
enced before we switched to Super-Quench. 

“We not only get less distortion with Gulf Super- 
Quench,” adds Mr. Kovac, “but scale formation is 
reduced to practically zero, eliminating the need for 
sand-blasting. We also maintain the required depth 
and uniformity of hardness.” 

These excellent results with Gulf Super-Quench can 
be traced directly to its unique dual-action properties 
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These heavy duty worm shafts, cooled to uniform hardness in Gulf Super- 

* Quench, drive the basic components in Iron Fireman industrial units. Of 
5140 steel, they are 236" long, with diameters varying from 134" to 1”. 


Stanley J. Kovac, left, Chief Production Engineer of lron Fireman Manufac- 
turing Company, shows T. F. Irving, Gulf Sales Engineer, an Iron Fireman 
Rotary Oil Burner, in which the components are driven by worm shafts. 


One-third less distortion and deeper, more uniform hardening of worm 
shafts is the payoff with Gulf Super-Quench in this circulating overflow 
quench bath at Iron Fireman Manufacturing Company, Cleveland, Ohio. 


.020’ with Gulf Super-Quench” 


... high initial quenching speed in the critical harden- 

ing range . . . slow cooling in the final distortion range. 
“The choice of this dual-action quenching oil,” says 

Mr. Kovac, “has paid off in all our heat treating opera- 

tions, including special contracts for heavy forgings in GULF OIL CORPORATION 

military applications characterized by extreme changes nee 

Dept. DM, Gulf Building 
How about your quenching operations? See how you Pittsburgh 30, Pa. 

can cut rejects and increase profits with Gulf Super- 


call a Gulf Sales F MAKES THINGS RUN BETTER! 
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Machine duplicates actual 


Flexural stresses of varying magnitude and sequence are de- 
livered to material specimens and assemblies by this RIEHLE- 
LOSENHAUSEN fatigue testing equipment which simulates 
functional fatigue conditions. The basic system consists of 
a control console, a pulsator, a programmer and separate 
loading cylinders. 


Loads of varying magnitude are followed by either rest 
periods or by application of high static overloads. 


TESTS ENTIRE ASSEMBLIES 


Through the use of a steel testing stand, the RIEHLE- 
LOSENHAUSEN machine easily accommodates complete struc- 
we tural assemblies such as the following: wings, fuselages, tails 


ie, and other components of aircraft frames; machinery and 


Riehle’ MACHINES 


Fatigue 
_ plying stress to 60” concrete beam in 
Theoretical 


| and Applied Mechanics, College of 
fatique damage to concrete as used eh 


Stress-and-rest conditions 


engine parts and assemblies; hull sections of ships; girders 
and joints of bridges; pre-stressed concrete beams and built- 
up timbers. Separate loads can be applied at various points. 


Whatever your materials testing problems might be, there 
is a RIEHLE complete standard machine or custom built unit 
to meet your strictest requirements. 
10,000 to 400,000 pounds. 


Capacities range from 


ALSO FROM RIEHLE ... . Hydraulic and Screw Power 
Universal Testing Machines, Creep, Stress Rupture and 
Fatigue Testing Machines, Impact, Brinell, Torsion, Con- 
struction Materials, Horizontal Chain, Rope and Cable 
Testing Machines, Portable Hardness Testers for Rockwell 
Readings, etc. 


MAIL COUPON FOR ADDITIONAL INFORMATION : 


RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Dept. MP-1259, East Moline, Illinois 


Please send free literature on RIEHLE Testing Machines. 


DIVISION OF 


of American Machine and Metals, Inc. 


EAST MOLINE, ILLINOIS 


"One test is worth a thousand expert opinions’’ ™ 


pe 


(Type of Machine) 


NAME 


COMPANY 
ADDRESS 
@ ZONE 
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Hard Facing 


Haynes Stellite Co. has announced 
copper-coated tube rods for semiauto- 
matic open-are hard facing. Haynes 
90, 94, 4560, nickel-manganese, Has- 
crome, and Haystellite tube rods are 


supplied in the 7/64-in. diam. drawn 
size in coils. The tube rods contain an 
internal flux to make open-are deposi- 
tion possible and insure a sound, slag- 
free deposit. The copper coating helps 
prevent rusting, makes feeding easier, 
and provides better electrical contact 
through the welding head. 

For further information circle No. 1296 
on literature request card, page 48-D. 


Ultrasonic Cleaners 

A new line of multipower ultrasonic 
cleaners has been announced by 
Acoustica Associates, Inc. The multi- 
power transducer design compresses 
piezoelectric ceramic material between 
two solid metal sections, providing an 
increase in ultrasonic cleaning power. 
More intense ultrasonic vibrations are 
produced per watt of applied energy, 
producing greater cavitation or agita- 
tion in the liquid. Three standard 
systems include Model DR 252 gener- 
ator with a T3 tank which provides 
an average power output of 250 w. and 
a tank capacity of 3 gal.; Model DR 
520 generator with a T65 tank which 
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provides an average power output of 
500 w. and a tank capacity of 5 gal.; 
and Model DR 1020 generator with a 
T10 tank which provides an average 
power output of 1000 w. and tank 
capacity of 10 gal. All models operate 
at 20 ke. 


For further information circle No. 1297 
on literature request card, page 48-D. 


Flame Hardening 


Cincinnati Milling Machine Co. has 
announced a Flamatic flame heater 
equipped with a rotating flame head. 
When used to harden the bore of an 
automotive stater hub, this automated 
machine received the part by gravity 
from an inclined chute and located it 
on a fixture in front of the flame head. 
The flame head then advanced into the 


bore and revolved, heating the inside. 
The part was made of 1062 steel and 
had an O.D. of 3.940 in. and an LD. of 
2.157 in. Hardness of Rockwell C 60 
to 62 was obtained to a depth of 0.125 
in. At the completion of the heating 
cycle, the flame head retracted and 
the part dropped into a quench tank 
with a conveyor that carried the part 
out of the tank into tote bins. 


For further information circle No. 1298 
on literature request card, page 48-D. 


Continuous Casting 


A new continuous casting machine 
for copper billet and slab casting has 
been announced by Loma Machine 
Mfg. Co. The basic design of the ma- 
chine also lends itself to the casting 
of brasses, bronzes, aluminum and 
magnesium alloys. The shapes pro- 
duced on the unit include round pierc- 
ing and extrusion billets, square wire 


bars and rectangular slabs. The pro- 
duction capacity ranges from 3 tons 
per hr. for double-strand casting of 
3-in. diam. billets to 10 tons per hr. 
for single-strand casting of slabs 5% 
by 33 in. One feature is the underpour- 
ing method of metal flow which as- 
sures a splash-free entry of clean 
metal into the mold cavity. 

For further information circle No. 1299 
on literature request card, page 48-D. 


Vacuum Furnace 


A new refractory-free, high-temper- 
ature vacuum furnace for critical heat 
treating has been announced by Gen- 
eral Electric’s Industrial Heating 
Dept. The new furnace operates at 
temperatures to 4200° F. and is de- 
signed for use in laboratories or for 
production work. Parts or material 
up to 10 in. in diameter by 10 in. high, 
weighing up to 50 lb., can be processed 
in the furnace. Heating space is 15 in. 
in diameter by 16 in. high. Double-wall 
furnace casing is of stainless steel 
with radiation shields surrounding the 
load to provide thermal insulation by 
reflecting heat back into the load. 
Inner shields closest to the load and 
which operate at highest temperatures 
are of tungsten. Those furthest from 
the work which operate at lower tem- 
peratures are of molybdenum. Last 
shield which supports the others is of 
stainless steel. Furnace cover is raised 
and lowered by screw-type mechanism 
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NEW BRONZE 
CAN CUT SPRING 


Superfine-grain phosphor bronze by Anaconda now 
handling many tough jobs, replacing costlier materials. 


RETAINING CLIP for a bronze bearing in the Handy Hannah Hair Duraflex, Anaconda superfine-grain phosphor bronze, found it 
Dryer was originally of spring steel. Rejections ran 20% in the had not only the spring quality a fatigue resistance needed 
= operation and another 20% at the assembly stage. The for the job—but also had superior formability which eliminated 
Handy Hannah Products Corp., Whitman, Mass., switched to rejections. 


SPRING CLIP takes a steady beating as it 
holds invoices in place in imprinting ma- 
chines—used widely in handling charge 
accounts by retail stores and service sta- 
tions. In the imprinter (right) made by 
the Farrington Mfg. Co., Needham 
Heights, Mass., this clip was originally 
of beryllium copper. Hearing about the 
superior fatigue life and endurance limit 
of Duraflex, Farrington consulted Ana- 
conda technical specialists and decided to 
try it. Duraflex has been doing the job 
now for two years, stands up in service, 
saves $1.50 a pound in materiai cost. 


ests by an independent laboratory show that design stresses 
for Duraflex wire and flat springs can be from 33%, to 50% D U RA FL EX® 

higher than for those made from regular phosphor bronze—yet 

Duraflex costs no more than regular phosphor bronze. Get the test SUPERFINE-GRAIN PHOSPHOR BRONZE 
reports and revaluate all your components requiring spring prop- A PRODUCT OF 
erties. For copies of these reports or technical help in selecting the . ® 
right alloy and temper, see your Anaconda representative. Or A Ni AC O N T) A 
write: The American Brass Company, Waterbury 20, Conn. In ws 


Canada: Anaconda American Brass Ltd., New Toronto, Ont. —_ ss Made by The American Brass Company 


METAL PROGRESS 


| 
t 

poe 
+ 


and top radiation shields move up and 
swing out for ease of loading and full 
access to heating chamber. Heating 
elements for the new furnace are %-in. 
tungsten rods connected in parallel, 
and operate at less than 10 v. Vacuum 
system operates on a 6-in. oil-diffusion 
pump rated 900 cfm. at 0.01 micron 
and 1500 cfm. at 0.1 micron. 

For further information circle No. 1300 
on literature request card, page 48-D. 


Microhardness Tester 


A new semiautomatic microhardness 
tester has been announced by the Wil- 
son Mechanical Instrument Div. It is 
recommended for testing of cutting 
tool carbide tips, watch springs, instru- 
ment pivots, surgical needles, electro- 


plated surfaces, sheet metal and 
metallic constituents. It can be used 
in the production line and in the labo- 
ratory. It has a range of indentation 
loads from 25 to 1000 g. The instru- 
ment is equipped with a Bausch & 
Lomb microscope. 

For further information circle No. 1301 
on literature request card, page 48-D. 


Vacuum Furnace 


Materials Research Corp. has an- 
nounced a new laboratory vacuum fur- 
nace that will perform melting, heat 
treating and brazing operations, and 
will grow single crystals by induction 
or resistance heating in high-vacuum 
or inert atmospheres. Depending on 


furnace in either vertical or horizontal 
position. For standard heat treating 
and melting, an induction heating coil 
is used; for long-range heating or 
single crystal growing, a resistance 
unit with a maximum temperature of 
3600° F. is installed. The vacuum 
chamber is a water-cooled unit 14 in. 
in diameter and 18 in. long, and can 
be equipped to reach vacuum of 10-5 
mm. Hg. 

For further information circle No. 1302 
on literature request card, page 48-D. 


Temperature Control 


A new instrument utilizing infrared 
detection to measure and control the 
temperature of moving or stationary 
objects without physical contact has 
been announced by Radiation Elec- 
tronics Co. The Thermodot radiation 
thermometer operates on the principal 
that an object emits thermal, or infra- 
red, radiation as a function of its 
temperature; this thermal radiation 
from an object is received by the in- 
strument, translated into a signal volt- 
age, and amplified to a level sufficient 
to drive an indicator calibrated direct- 
ly in temperature. Sensitivity is with- 
in 7° at 2000° F. The infrared sensing 
element is hermetically sealed within 
an optical head small enough to bolt 
onto any surface at a given working 
distance and aim in any direction at 


the object to be measured. The lowest 
standard range is 180 to 400° F., and 
the highest 700 to 2000° F., although 
higher temperature ranges are avail- 
able for special applications. 

For further information circle No. 1303 
on literature request card, page 48-D. 


Spray Cleaner 

A low-foaming single or multiple- 
stage spray cleaner has been an- 
nounced by Northwest Chemical Co. 
This new cleaner is designed for use 
on all ferrous and nonferrous metals 
except aluminum at 100 to 140° F. It 
removes drawing compounds, oils, and 
greases and inhibits rust. 


For further information circle No. 1304 
on literature request card, page 48-D. 


Wiredrawing Machine 

A new wiredrawing machine featur- 
ing ease of control and rapid braking 
has been announced by Nixdorff-Krein 
Mfg. Co. A 100-hp. motor, driving 
through an eddy current coupling, 
gives drawing speeds ranging from 
200 to 650 ft. per min. A safety feature 


Save Time—Save Labor—Save Material 


with Steel City 
Ductility Testers 


Test incoming material for drawing 
qualities to be sure it will do the 
job for which you bought it and 
you'll avoid scrap and eliminate 
costly wasted effort. How? With a 
Steel City Ductility Testing Machine. 
Two concentric pistons do the job. 
Outer piston grips test piece 
against head; inner piston mokes 
the cup. Gripping and load appli- 
cation are automatic. Piston speed 


Available in two compact floor models for 
thicknesses up to Ye” and %", and a bench 
model for thin metals 0.001” to 0.062”. 
Hydraulic capacities up to 40,000 Ib. Speci- 
mens up to 4” wide tested with ease. Depth 
indicator incorporates friction brake to hold 
readings. Easy-to-read load gage has 
maximum-indicating hand. Write for detailed 
specifications. 


Write or call Steel City if you 
have any special testing problems 


=! © 


Proving 


is easily adjustable. 


Distributors in most 
major metalworking areas 


specimen size and convenience, these 
operations may be performed with the 


8811 Lyndon Ave., Detroit 38, Mich. 
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GUARANTEED MILLIVOLT- 
AGE MATERIAL: The world’s 
standard of accuracy for con- 
trolling the heat treatment of 
metals. Unconditionally guaran- 
teed to register temperature-emf 
values within +4°F. from —300° 
to +530°F.; and within +% & 
from +531° to +2300°F. 


SPECIFICATION 3-G-115: 


EMF OF CHROMEL-ALUMEL THERMOCOUPLE ALLOYS AS 
ESTABLISHED BY THE NATIONAL BUREAU OF STANDARDS 
—300°F. to +2300°F. Reference Junction +32°F. of jet aircraft engines. 
~ 
HOSKINS 
2 
| 
bead 
: = THERMOCOUPLE ALLOYS 
7 
3 2 
SPECIFICATION 3-G-187: special 


—— — critical control requirements of nuclear 
0 200 «= 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 reactor applications. It is highly resistant 


“| to corrosion and has good stability of emf 
TEMPERATURE — DEGREES FAHRENHEIT during long exposure at 500° to 1000°F. 


CHROMEL-ALUMEL EXTENSION LEAD WIRE 
Widely used with Chromel-Alumel thermocouples 
to eliminate the cold-end errors often caused by 
so-called “compensating” ieads of different com- 


positions. Unconditionally guaranteed as to accu- 
facy at temperatures up to 400°F. 


*TRADE NAMES YOU CAN TRUST 
for accurate temperature measurement! 


When you buy thermocouples, bear these facts in mind: Hoskins 
Chromel-Alumel are the only base metal alloys known which have been 
thoroughly proved in use at operating temperatures ranging from —300° 
to +2300°F. They are unconditionally guaranteed as to accuracy, 
extremely sensitive to temperature fluctuations, highly resistant to 
oxidation. What’s more, when properly installed in suitable protection 
tubes, they give long-life service in any commercial furnace atmosphere. 
Catalog M-56-CA contains complete technical data—send for it today! 


SPECIFICATION 3-6-170: Specially processed 
tolerance material widely used for ar en Genuine Chromel and Alumel are produced exclusively by 


search work. Accuracy of temperature measure- 
# 4 4445 LAWTON AVENUE « DETROIT 8, MICHIGAN 
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prevents wire from whipping the floor 
as the coil end is drawn through the 
machine. The detachable capstan 
mount allows quick change from one 
coil diameter to another. In the pic- 
ture above a coil of *s-in. wire is 
being drawn through the machine. 

For further information circle No. 1305 
on literature request card, page 48-D. 


Vacuum Ionization Gage 


An ionization gage that will resist 
rapid oxidization and burn-out if acci- 
dentally exposed to air has been an- 
nounced by NRC Equipment Corp. The 
new gage will indicate vacuums from 
1 micron to 10-7 mm. Hg with a sensi- 
tivity of 100 ma. per micron. It can be 
used in vacuum metallizing, vacuum 
melting and heat treating. A coated 
iridium filament that has superior re- 


sistance to burn-out at incandescent 
temperatures is used. 

For further information circle No. 1306 
on literature request card, page 48-D. 


Mechanical Vacuum Pumps 


A new line of oil-sealed rotary 
mechanical vacuum pumps has been 
announced by Consolidated Vacuum 
Corp. They are available in single- 
stage and double-stage models. The 
rated capacities of the pumps range 
from 7 to 106 cfm. Noise has been 
reduced by an air-valve suppression 


port and by reduction of vibration 
through static and dynamic balance of 
the piston-drive assembly. The motor 
is standard 220 or 440 v., 3 phase, air 


935 East 63 Street * 


Production and Repair Plating 
without using immersion tanks 


Enables You to (1) Precision-plate selected areas economically 
— without disassembling components; (2) Deposit metals 
rapidly where conventional electro-plating is impossible or 
difficult. Mobile equipment takes the process to the job. 


Write for Descriptive Brochure. 


SIFCO mMETACHEMICAL, INC. 
Cleveland 3, Ohio 
A Subsidiary of The Steel Improvement & Forge Co. 


PLATING 


with the 
DALIC 
_ PROCESS 


153 Eost 26th Street 
Wew York 10, WY 
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MARLANE DEVELOPMENT CO., INC. 


AGENTS 


PIDDINGTON & ASSOCIATES LTD. METACHEMICAL, INC. & S AVIATION CO. LTD. 
3219 Eost Foothill Bivd. 2742 Second Street 671 Lourentides Bivd 


Pasadena, Coliforme 


Cuyahoga Falls, Ohio Pont Viev, Montreal, Quebec 


the symbol for 
alloys tailored to 
the casting 
requirement 


STAINLESS STEELS— 
Series 300 and 400 


TOOL & DIE STEELS— 
Air-, Oll- & Water-Hardening. 
—Tungsten & Moly High Speed. 


SUPERALLOYS 
SPECIAL STAINLESS STEELS 
PLAIN CARBON STEELS 
LOW ALLOY STEELS 
VACUUM-MELTED ALLOYS 


this SYMBOL 
represents your 
BEST SOURCE for 
SPECIALTY 

«ALLOYS! 


1999 GUOIN STREET 
DETROIT 7, MICHIGAN 


"CP is a proprietary refin- 
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KNOW YOUR ALLOY STEELS... 

This is one of a series of advertisements dealing with basi 
facts about alloy steels. Though much of the information 
is elementary, we believe it will be of interest to many 
in this field, including men of broad experience who may 
find it useful to review fundamentals from time to lime. 


How Heat-Treatment 
Affects Alloy Steels 


Heat-treatment may be defined as an 
operation or series of operations involv- 
ing the heating and cooling of steel in 
the solid state to develop the required 
properties. There are in general five 
different forms of heat-treatment used 
with alloy steel. These treatments mod- 
ify the mechanical properties of the 
steel to suit the end use. 

The five forms of treatment men- 
tioned above, as applied to construc- 
tional alloy steels, are discussed in the 
following paragraphs: 


(1) Quenching and Tempering. This form 
of heat-treatment usually consists of 
three successive operations: (a) heating 
the steel above the critical range, so 
that it approaches a uniform solid solu- 
tion; (b) hardening the steel by quench- 
ing it in oil, water, brine, or salt; and 
(c) tempering the steel by reheating it 
to a point below the critical range in 
order to effect the proper combination 
of strength and ductility. 


(2) Normalizing. A form of treatment 
in which the steel is heated to a pre- 
determined temperature above the crit- 
ical range, after which it is cooled to 
below the range in still air. The purpose 
of normalizing is to promote uniformity 
of structure and to alter mechanical 
properties. 


(3) Annealing. This method consists of 
heating the steel to a point at or near 
the critical range, then cooling at a 
predetermined slow rate. Annealing is 
used to soften the steel, to improve 
machinability, to reduce stresses, to 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


Export Distributor; Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 


improve or restore ductility, and to 
modify other properties. 

(4) Spheroidize-A nnealing. This form of 
heat-treating requires prolonged heat- 
ing of steel at an appropriate tempera- 
ture, followed by slow cooling to pro- 
duce a globular condition of the carbide. 
This treatment produces a structure 
which may be desirable for machining, 
cold-forming, or cold-drawing, or for 
the effect it will have on subsequent 
heat-treatment. 

(5) Stress-Relieving. This is the process 
of reducing internal stresses by heating 
the steel to a temperature below the 
critical range, and holding for a time 
interval sufficient to equalize the tem- 
perature throughout the piece. The 
object of this treatment is to restore 
the elastic properties of the steel, or 
to reduce stresses that may have been 
induced by machining, cold-working, or 
welding. 

Each of the five forms of heat-treat- 
ment will be the subject of a future 
advertisement. 

Bethlehem metallurgists have had 
long experience in all methods of heat- 
treatment. They understand the possi- 
bilities and limitations of each method 
with respect to various alloy steels. 
These men will be glad to help you with 
any problems concerning heat-treat- 
ment. Feel free to ask for their services. 

And call on Bethlehem, too, for the 
full range of AISI standard alloy steels, 
as well as special-analysis steels and 
all carbon grades. We can meet your 
needs promptly. 
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cooled. Ultimate pressure is 2 x 10% 
mm. Hg or lower with the single-stage 
pumps and 2 x 10° mm. Hg or lower 
with the double-stage pumps. 


For further information circle No. 1307 
on literature request card, page 48-D. 


Continuous-Cast Bronze 


American Smelting & Refining Co. 
has announced the production of 20-ft. 
bronze stems, each 4% in. in diameter 
and weighing 1300 lb. The stems are 
used unsupported to hold sluice gates. 
Each stem has to bear a torque load 
of 2500 ft-lb. and an axial load of 
56,000 lb. The rods were cast and cut 
to 20-ft. lengths. (See the illustration 
below.) Sample wafers from the ends 
of each rod were checked for con- 
formity to chemical and metallurgical 
specifications and response to heat 
treatment. The rods were heat treated 
at 1400° F. for 8 hr., and quenched in 
oil. The stems were straightened and 
re-heated to 600° F. for about 16 hr. 
and again the sample wafers were 
checked for hardening. The rods were 
then wy air cooled. A final straight- 


ening completed fabrication. Ni-Vee 
bronze alloy containing 88% Cu, 5% 
Sn, 5% Ni, 2% Zn and 0.01% max Pb 
was used. After heat treatment the 
stems had a yield strength of 69,000 
psi., tensile strength from 75,000 to 
90,000 psi., elongation of 6 to 9% and 
and average Brinell hardness of 250. 


For further information circle No. 1308 
on literature request card, page 48-D. 


Ductile Chromium Metal 


Successful extrusion of pure chro- 
mium metal tubing has been an- 
nounced by Union Carbide Metais Co. 
The extrusions were made of labora- 
tory-grade chromium powder that was 
cold compacted into a mild steel con- 
tainer, heated, placed in a 1000-ton 
press and extruded over a mandrel. 
A variety of tube sizes were made 
during the first runs of the experi- 
ment including 1, 1.2 and 1.4-in. O.D. 
with 0.06, 0.07 and 0.10-in. wall thick- 
nesses. 


For further information circle No. 1309 
on literature request card, page 48-D. 


Scanning Machine 


A new induction heater for produc- 
tion of pure metals and semiconductor 
materials has been announced by In- 
duction Heating Corp. The new verti- 
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cal scanner can be used in laboratory 
or production operations. After a 
narrow molten zone is established, the 
scanning machine traverses along the 
length of the vertically supported im- 
pure bar. The complete molten zone 
through the bar cross section is main- 
tained by electromagnetic forces, sur- 
face tension and hydrostatic pressure. 
The machine will process bars up to 
1.250 in. in diameter and 24 in. in 
length. Scanning speed ranges from 
0 to 12 in. per hr. Return speed varies 
from 40 to 800 in. per hr. 


For further information circle No. 1310 
on literature request card, page 48-D. 


Electroforming 


Electroformed aircraft parts have 
been announced by Electroform Corp. 
The process involves the electrochemi- 
cal deposition of metal and is suitable 


for the manufacture of complex 
shapes where close dimensional control 
is necessary. A good finish is obtained 
without further machining. 

For further information circle No. 1311 
on literature request card, page 48-D. 


Vacuum Induction Furnace 


A 5000-lb. high-vacuum induction 
furnace has been erected at the 
Metals Div. of Kelsey-Hayes Co. The 
entire melting chamber tilts to pour. 
During pouring, the molten metal 


‘The newest development in 
manufacture of metal abrasive is 
eustom-made ‘Malleabrasive” 
job-lot-made to meet individual 
tleaning conditions. 


By means of new, highly specialized 
processing techniques and equip- 

ent used only by us, we can make 
the type of “Malleabrasive™ shot 
or grit that will do your particular job ¥ 
_ best, at lowest cost to you. a 


Why put up with general a 
purpose abrasives 
when you can have & 
™“Malleabrasive™ tailor. 
ade for you? We'll 
welcome the chance to tel! 
4 how you can benefit. 
Write us. 


‘THE GLOBE STEEL ABRASIVE CO. 


Meastield, Ohie 


Sold by many leading distributors of 
foundry supplies from coast to coast. 
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SELAS PREHEAT 
FURNACE 4 


DELIVERY 
DUCT 


ZINC KETTLE 


GALVANIZING STEEL STRIP . . New Selas approach to con- 
tinuous galvanizing steps up production of quality product with- 
3 out increasing floor spoce occupied oy original installation. 
= Compact Selas vertical furnace quickly preheats strip to galvaniz- 
= ing temperature . . eliminates need for fluxing . . fits into line, 
‘ replacing fluxing equipment. External firing of zinc kettle is 


Precise 
Heat Processing for the Steel Industry 


Throughout the steel industry—in mills and metal- 
working plants—Selas Gradiation heat processing is 
successfully used in many operations. The versatility 
and adaptability of the Gradiation principle are dem- 
onstrated by the diversity of applications shown in the 
instaliation photographs on facing page. 

Gradiation is a concept and technique of heat proc- 
essing which coordinates fast, controlled heating with 
the nature of the workpiece . . considering its compo- 
sition, size, shape, heat transfer characteristics and 
physical properties . . to develop desired product 
quality, in minimum time, with maximum efficiency, 


and with the use of automatic and compact equipment. 
Designed and custom-built to meet your specific 
heat processing needs . . for hot working . . galvanizing 
. tinning . . heat treating heavy sections and special 
shapes . . Gradiation equipment contributes produc- 
tion economy, high production rates, ease of handling. 
At your convenience . . without cost or obligation 
to you . . a Selas field engineer would welcome the 
opportunity to survey your needs. For this personal 
service—or for a copy of our new Bulletin 312 
“Selas Gradiation Heating in the Steel Mill”"— 
Write to Mr. J. F. Black, Manager of Sales, Steel Mill 
Div., Selas Corporation of America, Dresher, Pa. 


Gradiation and Duradiant are registered trade names of Selas Corporation of America. 


"INTERNATIONAL REPRESENTATIVES [AND LICENSEES: CAMBODIA, FORMOSA, LAOS, VIETNAM—Coso Export 
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is your reward 


STEEL BILLETS, 32 to 4% in. square cross-section, 3.4 to 
10.8 in. long, are heated for hot working in this Gradiation 
rotary hearth. Compact furnace occupies 60% less floor 
space than required by conventional heat-and-soak equip- 
ment to achieve production rate of 11,000 Ib per hr. 
Scale loss is 85% less. Entire heating cycle—as well as 
charge, discharge, transfer and press loading—is automated 
and synchronized with press operations. 


TUBE-ENDS ore heated for upsetting (for subse- 
quent threading) in specially-designed Selas slot- 
type furnaces. As each tube-end is fast heated to 
upsetting temperature, the tubing automatically 
moves down the handling table to the upsetting 
machine. The direct-fired Duradiant® gas burners 
Gre patterned to assure temperature uniformity 
within a controlled section of each tube-end. 


ROLL HARDENING is accomplished up to 12 times faster in this unique 
direct-fired Selas split furnace. Patterned Gradiation heating 

coupled with the ability to rotate rolls during heating and quenching 
cycles . . assures attainment of a controiled pattern of hardenability. 
Heat-up time is so rapid that harmful scale is eliminated. Even-heat 
distribution prevents formation of soft spots. Protection of roll shoulders 
leaves them unaffected by heat processing of roll barrel. Rolls up to 
60 in. in diameter and a wide range of barrel lengths can be hardened. 


SEAMLESS TUBING is heated for final sizing in 
this Selas eight-barrel continuous furnace line. 
Inree zones of automatic contro! assure that 
the heavy-walled tubing . . up to 16 in. O.D. 
and 3 in. wall thickness . . is brought pre- 
cisely to predetermined temperature, through- 
out each length of tubing . . consistently 
uniform from tube to tube. 


CORPORATION OF AMERICA 
DRESHER PENNSYLVANIA 
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NEW NEW NEW NEW NEW NEW NEW NEW NEW 
WHEN IT 


: the easy modern way to determine 
exact working temperatures! 
Just mark or stroke the surface with THERMOMELT... 
rs when it reaches the desired temperature, the mark liquefies. 
There’s no guesswork, no wasted time or material... 
4 THERMOMELT is the quick, precise way to determine 
4 heating temperatures. Accurate to within +1%. 


A STIK FOR EVERY TEMPERATURE from 113°F. to 2000°F. 


ALSO AVAILABLE IN LIQUIDS AND PELLETS for inaccessible 
| or hard-to-measure applications. Wide range of temperatures. 


Send today for free THERMOMELT literature and pellet 
sample (indicate temperature desired). 


MADE BY THE MANUFACTURERS OF MARKAL PAINTSTIK MARKERS 
AND PROTECTIVE COATINGS 


hi A R KAL COM PA NY 3118 West Carroll Avenue, Chicago 12, Illinois 
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passes through a tundish in the pour- 
ing chamber and into the mold cham- 
ber. The complete process takes place 
under vacuum, which during pouring, 
is as low as one micron. The furnace 
has dual-frequency power—high-fre- 
quency power for heating and multi- 
phase low-frequency power for mixing. 
For further information circle No. 1312 
on literature request card, page 48-D. 


Metal Cleaning 


Heatbath Corp. has announced a 
new solvent emulsion detergent that 
cleans and protects the metal in one 
operation. Normally, Pen Sol No. 2 is 
used at 1 to 2% with water at room 
temperature. It may be employed as a 
soak cleaner, or in single or multiple 
stage washers. It may be used hot. 


For further information circle No. 1313 
on literature request card, page 48-D. 


Torsion Spring Tester 


A new fixture for rapid testing of 
torsion springs featuring interchange- 
able arbors and 360° protractor has 
been announced by the P. A. Sturte- 
vant Co. This tester uses a torque 
wrench as a sensing element, allowing 
various ranges from inch-grams up 
to 100 in-lb. 


For further information circle No. 1314 
on literature request card, page 48-D. 


Stainless Tubing 


Allegheny Ludlum Steel Corp. has 
announced a new method of fabricat- 
ing AM-350 stainless steel tubing. 
Separate elbows and joints are elimi- 
nated because it can be bent to the 
desired degree. Flanges are made 


integral with the tubing. Tubing is 
formed in a dead-soft annealed condi- 
tion. After the metal has been fabri- 
cated, it is process annealed and then 
treated at subzero temperatures to 
maximum strength and hardness. 


For further information circle No. 1315 
on literature request card, page 48-D. 
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you know the temperature! 


THE B ‘BEAUTY OF utility 


The Stainless Steel products 
illustrated are made by 
STEELEX Corporation, 
Williamsport, Pa. 


SERVICE-ABLE Superior Stainless performs handsomely 
in these functional utensils—always bright, easy to clean, 
with extra strength for extra years of use. « Superior Stain- 
less delivers handsome performance in fabrication, too . . . 
handles right because of superior quality control at every 
stage of manufacture. ¢ We have much to offer in technical 
assistance. Write us on your stainless applications. 


‘SUPERIOR STEEL DIVISION 


OF 
COPPERWELD STEEL COMPANY 
CARNEGIE, PENNSYLVANIA 
For Export: Copperweld Stee! internatione! Company, New York 


>_> 
= ET Of all pss 
STRIP STEEL 


SY LVAN|A— in the forefront 


of refractory metals processing 


... Tungsten and molybdenum ingots 
up to 10” diameter, 4 ft. long 


. .. Highest purity pellets and powders 


Syivania’s latest achievement is the 
production of refractory metal ingots 
large enough for direct fabrication 
into missile and rocket parts. These 
ingots contain 100% tungsten or mo- 
lybdenum ... or they can be supplied 
as a solid solution alloy of these two 
elements in many combinations. 


Subsidiary of 


Another important Sylvania advance 
is the in-process machining of these 
ingots before final sintering . . . a dis- 
tinct cost saving. 


However, the smooth as-sintered 
surface of our standard refractory 
metal ingots is suitable for many forg- 
ing and rolling operations. 


Pellets and Powders 
Sylvania produces highest purity pow- 
ders and pellets of tungsten and molyb- 
denum and their alloys. Their uniform 


GENERAL TELEPHONE & ELECTRONICS 


high quality is the industry standard. 

Arc-casting Electrodes 
Sylvania’s new large-size capabilities 
offer substantial operating economies 
for arc-casters. Electrodes now can be 
produced in sizes up to 10” diameter 
and 4 ft. long. 


For complete information on these 
Sylvania refractory metals, write to 
Sylvania Chemical and Metallurgical 
Division. 


SyLvaniA ELectric Propucts INc. 


Chemical & Metallurgical Div. 


Towanda, Penna. 
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HEAT TREATING SALTS 
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+. products of 


‘ } BAPTIZED FOR STRENGTH AND PRECISION IN... 


HOUGHTON MAR-T PERING SALTS 


four of she largest salt bath quenching operations 
in the W. S., Houghton Mar-Temp Salts are used to 
querich vital components and flight chambers of a 

ide variety of missiles and rockets. 

The precision quenching possible with Houghton 
Mar-Temp Salts prevents distortion and cracking, 
yet insures the strength and hardening accuracy nec- 
essary for precise performance and reliability. Missile 
metallurgists also prefer Mar-Temp quenching for 
greater cleanliness and to eliminate safety equipment 
needed in oil quenching. 

Houghton’s care in compounding salts and 
Houghton heat treating ““Know-How” were major 
factors in the selection of Mar-Temp Salts for such 
important defense projects. You can get the same 
expert help and high-quality materials for your own 
heat treating processes by a call or letter to E. F. 
Houghton & Co., 303 W. Lehigh Ave., Phila. 33, Pa. 


Ready to give 


Detroit, Mich. « San Francisco, Calif. « Toronto, Canada 
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you on-the-job service 
Philadelphia, Pa. Chicago, lil. Carrollton, Ga. 


“| Get Safe and Economical Welding Inspections 
with Portable, Gamma Radiography Machine”’ 


SPECIFICATIONS 
Weight . . . . 40 pounds 
= Capacity . . . up to 30 curies of 
Iridium 192 
‘orking 
Distance. . . . 50 feet from operator 
to exposed source. 
Machine . . . lead shielded, stores 
source when not in use. 
inch to 3 inches of 
steel (or equivalent) 


Mo el 40 


Mditron 


The President of Universal Technical Testing Laboratories Inc., 
Havertown, Pa., praises the safety, portability, economy and versa- 
tility of Nuclear Systems’ Model 40 Iriditron radiography machine. 

Said Mr. William J. Duffy, “It weighs only 40 pounds and one 
man can put it in the trunk of a car, take it to the job and make 
quick and safe exposures. This portability saves us time and money. 

“Using Iridium 192 as the source, this Model 40 machine is 
equivalent to a 440 KVP X-ray machine.” 

Nuclear Systems provides a complete line of radiography 
equipment enabling you to make on-the-spot exposures at refiner- 
ies, foundries and for field work such as pipelines. 

Call on Nuclear Systems for all your radiography equipment 
needs. Offices in Philadelphia, Chicago, and San Francisco. Sales 
representatives in major cities. Catalog on request. 


NUCLEAR SYSTEMS 


THE BUDD COMPANY, Philadelp 
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Chief Clerks report: Monthly alloy consumption from furnace sheets 
closely checks with month-end inventories when ELECTROMET 
bagged alloys are used. Bags eliminate handling losses, aid 

inventory control, and help keep a cleaner furnace floor. 


Melters report: More accurate ladle additions can be made with 
ELECTROMET bagged alloys. Result: More on-grade heats and 
closer control over deoxidation. Bagged alloys also yield 

10 to 15 per cent higher recoveries in the ladle, cutting alloy costs. 
For more information, contact UNION CARBIDE METALS, 
producer of more than 100 alloys—11 supplied in bags. 

UNION CARBIDE METALS COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, N. Y. 

In Canada: Union Carbide Canada Limited, Toronto. 


The terms “Electromet” and “Union Carbide” are registered trade marks of Union Carbide Corporation. 


Write for this new 

folder outlining 

bagged alloy 
advantages and 

specifications. 


UNION 
METALS 


Electromet Brond Ferroolloys 
and other Metallurgical Products 


ia — q 
- 
“Bagged alloys help ke | tories straight” 
“hg agged alloys help keep our inventories straig 
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‘in years’ operation at temperatures ranging 

from 1450 deg. F. to 2040 deg. F.! That's the rec- 

ord of a tray made of HAsTELLoy alloy X, used 

for holding parts in a heat-treating furnace dur- 

ing hardening, gas carburizing, or gas carbo- 

nitriding. After the heat-treating cycle, parts are 
plunged into an oil quench —still in the tough tray. 

If you are looking for a metal for machinery parts that have 
to withstand heat, corrosion, wear—investigate HAYNes alloys. 
There are more than 15 to choose from, including HaYNes 
STELLITE cobalt-base alloys, HAYNEs iron-base alloys, HAYSTEL- 
LITE cast tungsten carbide, and HasTELLoy nickel-base alloys. 
They are available as castings, forgings, completely fabricated 
parts, or as sheet and bar stock. All parts can be furnished ma- 
chined or ground to specified size and finish. 


HAYNES STELLITE COMPANY 
Division of Union Carbide Corporation 
Kokomo, Indiana 


Address inquiries to Haynes Stellite Company, 420 Lexington Avenue, New York 17, N. Y. 


The terms “Haynes,” “Haynes Stellite,” “Hastelloy,” “Haystellite,” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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TYPICAL “HAYNES” ALLOY HEAT-RESISTANT PARTS 


~ 


GRID TRAY of Hastettoy alloy 
X holds bits during bonding of 
diamonds to drill bit face. Fur- 
nace heat is 2300 deg. F. in 
1\%-hour cycles. The trays with- 
stand over 100 such cycles. 


FURNACE DOOR HANGERS of 
Haste..oy alloy X, exposed to 
2000 deg. F. flames in either 
oxidizing or reducing atmo- 
spheres, have served over a year. 
Steel failed in three weeks. 


HEARTH PLATES and hanger 
bolts of Hastettoy alloy X are 
in their second year of service 
in electric furnaces that reach 
1950 deg. F. — resisting oxida- 
tion, thermal shock, heavy loads. 


HAYNES 
Alloys 
will do 
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CINNATI induetron® 
 precision-brazes Statham 
*"ressure Transducers 


Statham Instruments, Inc., Los Angeles, 
required a brazing operation before the final 
assembly of their extraordinarily accurate pres- 
sure transducers. These instruments record pres- 
sures ranging from fractions to thousands of 
psi. Among other sensitive components, the 
coils in these instruments are wound from wire 
so fine that it floats in air. To braze these 
transducers, the heat must. be precisely located 
and applied . . . or a nearly complete, accurately 
adjusted instrument will be destroyed. 

Because of its precise control of high 
frequency output (up to approx. 1200 kc) a 
Cincinnati 15 KW Inductron was the economical 
solution to this assembly problem. Brazing 
three joints is typical of the work accomplished. 
Using a calibrated fixture on an adjustable 
table for exact work positioning, the joints are 
quickly brought up to brazing temperature. 
The heat cycle for some transducers is but 0.2 
second—just a kiss of 1000 kc’s. With the 
Inductron’s variable output RF transformer— 
rotating a dial varies the heating characteristics 
of the coil—only 25 different coil forms are 
needed to braze 150 instrument sizes and styles. 

For your heat processing work, look to 
the Cincinnati Inductron for lowest cost induc- 
tion heating . . . and to the Cincinnati Flamatic 
for lowest cost flame heating. Call in a Meta- 
Dynamics Division field engineer for full details. 


inductron 


flamatic 
hardening. machines 
META-DYNAMICS DIVISION 


Machines for Metal Forming and Heat Treating 


Photos above show Cincinnati Inductron induction 
heating machine and close-up of fixture used to 
braze 150 different sizes and styles of pressure 
transducers. Hose over fixture exhausts heat. One 
type of completely assembled Statham Pressure 
Transducer is shown, above, actual size. 


| 
| 
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1316. Abrasives . 
Catalog of rubberized abrasives, uses, 
adventages. Price list. Cratex Mfg. Co. 


1317. Air-Hardening Steel 

8-page booklet gives composition, prop- 
erties, elevated-temperature properties 
and heat treatment. trobe Steel 


1318. Alloy Steel Castin 

Specifications for T-loy 34 and T-loy 42. 
Heat treatment and characteristics. Unit- 
cast Corp. 


1319. Alloy Steel 

40-page book on applications of heat 
treated, special alloy steel. Jones & 
Laughlin 


1320. Alloy Steels 

Article on use of chromium-molyb- 
denum-vanadium steel for service at 
elevated temperatures. Chemical compo- 
sition, mechanical properties. Vancoram 
Review, V. 13, No. 1. Vanadium Corp. 


1321. Aluminum 

Brochure describes production equip- 
ment, products, research facilities of 
aluminum plant. Anaconda Aluminum 


1322. Aluminum 

8-page bulletin on aluminum cast.nz 
alloys. Properties; selection of casting 
method: pig, ingot and billet compositions. 
Metals Div., Olin Mathieson Chemical 


1323. Aluminum Die Castings 
Bulletin on design and manufacture of 
aluminum die castings. Hoover Co. 


1324. Aluminum Extrusions 
Folder lists alloys used, finishes, trade 
phraseslogy. General Extrusions 


1325. Aluminum Extrusions 
Catalog of extrusion dies in stock. Jarl 
Extrusions 


1326. Aluminum-Iron Alloys 

Technical Data Bulletin Ind-18, on 
aluminum-iron alloys for applications re- 
quiring high quality, soit magnetic .na- 
terials. General Plate Div., Metals & Con- 
trols Corp. 


1327. Aluminum Strip 

20-page booklet on how it is made, sizes 
and weights of coils. Technical data on 
aluminum alloys used. Scovill 


1328. Aluminum Tubing 

New 48-page book on aluminum tubing. 
Alloys, prepertion, selection, applications. 
Revere Copper & Brass Co. 


1329. Ammonia 
18-page booklet on ammonia cylinder 


installations for metal treating. ysical 
and chemical properties. Armour 


1330. Analytical Instruments 
Newsletie: No. 5 has article on new 

vacuum sc:nning spectrometer. Jarrell- 

Ash 

1331. Atmosphere Controls 

6-page bulletin SC-181 on automatic dew 
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new 
literature 


point recording and controlling systems. 
Surface Combustion Corp. 


1332. Atmosphere Furnace 
Bulletin HD-1 on batch-type controlled 


atmosphere furnace. S 


ifications, at- 
mosphere circulation. 


w Furnace Co. 


1333. Furnace 

12-page bulletin 1054 on electric furnaces 
with atmosphere control for hardening 
high speed steel. Sentry 


1334. Barrel Finishin 

36-page booklet on complete line of ab- 
rasive mediums, compounds, and equip- 
ment for all tumbling operations. Electro 
Minerals Div., Carborundum Co. 


1335. Bearing Plates 
New brochure on stainless-clad steel 
bridge bearing yon describes testing and 
a of steels and plates. Lukens 
teel Co. 


1336. Beryllium 

16-page Reprint 34 on fabricaticn of 
beryllium. Five pages of property data. 
Brush Beryllium Corp. 


1337. Bimetal Applications 
44-page booklet, “Successful Applica- 

tions of Thermostatic Bimetal”, contains 

use:, formulas, calculations. W. M. Chace 


1338. Blackening Process 

4-page brochure on new activated ma- 
terial for black oxide processing. Mitchell- 
Bradford Chemical Co. 


1339. Blast Comming, 

Complete information on Malleabrasive 
for cleaning and finishing. Globe Steel 
Abrasive 


1340. Boron Stainless 

8 page booklet on composition, struc- 
ture. corrosion resistance, welding and 
mechanical properties of 1% boron stain- 
less steel. Superior Steel 


1341. Brazing Alloys 


Data on brazing stainless alloys. Wall 
Colmonoy 


1342. Brazing 

8-page reprint on production brazing 
illustrates items produced and how they 
are made. Selas Corp. 


1343. Carbon Brick 

Bulletin on propertics, grades, be lica- 
tions of carbon and graphite brick for 
handling corrosive chemicals and moiten 
metals. National Carbon 


1344. Carbon Potential 


Controller 
Information sheet on instrument for use 
with endothermic gas generators and con- 
trolled atmosphere furnaces. Rolock 


1345. Carbon Steel Tubing 


Data card 142B on prorerties of pressure 
tubing: fabrication operations used. Tubu- 


lar Products Div., Babcock & Wilcox Co. 


1346. Carburizin 
Bulletins A-1 and A-2 on liquid car- 


burizing. Equipment, bath make-up and 


maintenance, cyanide analysis. Park 


Chemical 
1347. Castings 
Bulletin 3150-G on castings for heat, 


corrosion, abrasion resistance. Duraloy 


1348. Chemicals 

22-page bulletin on industrial chemicals 
lists those available and illustrates their 
— and testing. Harshaw Sci- 
entific 


1349. Chromium Plate 
Data on chromium plate that can with- 
stand fabrication. American Nickeloid Co. 


1350. Cleaning and Finishing 

New 40-page catalog on drum, conveyor, 

monorail, barrel finishing equipment. 

Complete finishing quae and special 
0. 


machines. Ransohoff 
1351. Cleaning 
Bulletin No. 72 gives reagents and pro- 


cedure for acid acceptance test for tri- 
chlorethylene. Hooker Chemical 


1352. Coatings 

4-page catalog on heat-proof protective 
coatings. Basic types, applications, meth- 
ods of applying and temperature ranges. 
Markal Co. 


1353. Coatings 

20-page bulletin on chemical conversion 
coatings. How and where each is 
Blackening process. E. F. Houghton 


1354. Cold Heading Wire 

Bulletin on wire produced by continu- 
ous casting, hot extrusion, cold drawing 
and annealing. Tempers available, com- 
position, finish, coil sizes and weights. 
Scovill Mfg. Co. 


1355. Cold Header 

Bulletin on solid-die double stroke cold 
header. poses features of toggle-type 
construction for actuating heading gate. 
Waterbury Farrel Foundry & Machine 


1356. Compressors 

12-page data book 107-D gives engi- 
neering information on characteristics of 
turbo-compressors. 18 types of application 
described. Spencer Turbine 


1357. Controlled Atmospheres 
Bulletin 753 on generator for atmos- 

pheres for hardening, ag sintering 

and annealing carbon steels. Hevi Duty 


1358. Controller 

4-page bulletin on new pigh-anie d.c.- 
to-a.c. relay control amplifier. Thermo 
Electric Co. 


1359. Cop 

24-page booklet defines terms used in 
the copper and copper-alloy industry. 
American Brass Co. 
1360. Copper 

34-page book tet traces story of copper 
from discovery to present applications. 
Coprer & Brass Research Assoc. 


1361. Creep Testing 

10-page Reprint M-1 on tensile and 
creep properties of tungsten at elevated 
temperatures. Instron Engineering Corp. 


1362. Crucibles 


Data sheet on beryllium oxide crucibles 
for melting high-purity and reactive met- 
=. Specifications and sizes. Beryllium 

orp. 


1363. Cutting Oil 
Folder describing nine types of cutting 
cils for varied applications. Gulf Oil Corp. 


1364. Degreasers 

Folder on vapor and solvent degreasers 
describes equipment and advantages. 
Randall Mfg. 


1365. Descaling 
8-page booklet describes and pictures 
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FOR THE MOST RAPID 
MOUNTING OF 
METALLURGICAL 
SAMPLES 


@ PUSH BUTTON CONTROLLED 
@ POWER OPERATED 


© SELF CONTAINED HYDRAULIC 
SYSTEM 


@ CONTROLLED MOLDING 
PRESSURE 


@ USE PREMOLDS OR POWDER 


@ BAKELITE OR TRANSOPTIC 
MOUNTS 


@ PRODUCES 1", 1%", or 1%" 
MOUNTS 


@ BAYONET TYPE MOLDS 


@ THERMOSTATICALLY 
CONTROLLED HEATERS 


@ QUALITY COMPONENTS USED 


CONFORMS TO J.1.C. 
STANDARDS 


METALLURGICAL APPARATUS 


2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. 
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uses of Rotoblast descaling equipment. 
Pangborn 


1366. Dew Point Control 

Bulletin No. 21-C on instrument which 
indicates, records and controls dew point 
automatically. Ipsen 


1367. Drilling Machine 
4-page catalog on new radial drilling 
ine shows construction, uses, speci- 
fications. I. O. Johansson Co. 


1368. Dryer 

Bulletin 130 describes Aero aftercooler 
for removing =a from compressed 
air and \ lication of equipment. 
Niagara 


1369. Ductile Iron Plate 
Data on ductile iron plate and prop- 
erties. Lindgren Foundry Co. 


1370. Electroplatin 

Chart gives reference data for y 
rhodium, palladium, 
nickel Technic, Inc. 


1371. Electroplating 

4-page brochure describes process for 
plating selected areas without immersion 
tanks. Sifco Metachemical 


1372. Emission S 

Brochure on operation, applications of 
line of emission spectrochemical instru- 
ments. Baird-Atomic, Inc. 


1373. Environmental T: 
tide fo e brochure on uses of carbon 
Pure Carbonic Co. 


Electric Furnaces 

Data sheet describes and gives specifica- 
tions of standard nonmetallic resistor 
furnaces. Harrop Electric Furnace Div. 


1375. Electrochemicals 

16- booklet gives physical properties 
carbide, zirconium oxide and bestien 
Norton Co. 


1376. Ferroalloys 

Folder on ferrocolumbium additions to 
steel and high-temperature alloys, anal- 
= , and advantages. Union Carbide 
Metals 


1377. Ferrochromium 

New booklet describes function of chro- 
mium in cast iron; data on chromium al- 
loys for ladle — ad furnace additions. Ohio 
Ferro-Alloys C 


1378. 


Brochure on Cameron forging process. 
Cameron Iron Works 


1379. Forgings 

12-page booklet on how forged weldless 
rings and flanges are made. histor’ 
Standard Steel Works Div., B-L-H 


1380. Formed Shapes 

Catalog No. 1053 deseribing numerous 
formed shapes made from ferrous and 
nonferrous metals. Roll Formed Products 


1381. Furnace Controls 

Bulletins 6-003 and 7-001 on control sys- 
tems for furnace pressure and fuel-air 
proportioning re “ae North American 
Manufacturing 


1382. Controls 

Bulletin 658 on saturable reactor for 
regulation and control of electric ovens 
and furnaces. Sorgel Electric Co. 


1383. Furnace Fixtures 


16-page catalog on baskets, trays, fix- 
tures and carburizing boxes for heat 
treating. 66 designs. Stanwood 


1384. Furnace Fixtures 


Bulletin 111 on cast Ni-Cr fixtures for 
gas carburizing. Fahralloy 


DECEMBER 1959 


1385. Furnaces 

Bulletin on basic principles of electric 
furnace d . Cutaway models of 8 fur- 
naces. Cost factors. Ho 


1386. Furnaces 

Data on line of industrial heat treating 
furnaces car-bottom, shaker- 
hearth, box-type and semimuffle. Denver 
Fire Clay Co. 


1387. Furnaces 
List of used furnaces in stock. Papesch 
& Kolstad, Inc. 


1388. Furnaces 

6-page folder on -fired, oil-fired and 

furnaces. ical installations. 
Electric Furnace Co. 


1389. Furnaces 
Bulletin on gra ite tube furnaces for 
°F. Operating limi- 
and control equipment. 


12-page catalog on electric heat treat- 
ing furnaces. Data on each of 57 models. 
Controls, instruments, elements and ac- 
cessories. Lucifer Furnaces, Inc. 


1391. Gas Furnaces 

Indexed, 200-page bound catalog of 
standard gas burners, furnaces, quench 
tanks, ammonia dissociators and other 
heat treating equipment. American Gas 
Furnace 


1392. Gold Plating 

8-page brochure gives bath composition, 
equipment and operating conditions, and 
metallurgical characteristics of 24K = 
= on various base metals. Sel- 


1393. Graphite 

Folder on graphite crucibles, funnels, 
and special preformed electrodes. High- 
purity powder. United Carbon Products 


1394. Hardness Numbers 
Pocket-size table of Brinell hardness 
numbers. Steel City Testing 


1395. Hardness Tester 
20-page book on hardness testing by 
Rockwell method. Clark Instrument 


1396. Hardness Tester 

20-page booklet on Rockwell superficial 
hardness testers shows models, accesso- 
ries, applications. Wilson Mechanical In- 
strument 


1397. Hardness Tester 

Bulletin TT-59 on tester for measuring 
stan Rockwell and superficial hard- 
ness. Wilson Mechanical Instrument 


1398. Hardness Tester 

Bulletin S-33 on vertical-scale and dial- 
indicati scleroscopes. How they are 
calibrated. Shore Instrument 


1399. Hardness Tester 
Catalog 506 on Frank hardness tester 
for Rockwell B and C, Brinell and Vickers 
rdness tests. Opto-Metric 


1400. Hardness Testing 
Bulletin A-18 on Alpha Co. Brinell 


dness testing machines. Gries Indus- 
tries 


1401. Heaters 


Bulletin on immersion heaters for elec- 
troplating solutions. Glo-Quartz 


1402. Heat-Resistant Alloys 

12-page brochure on titanium-carbide al- 
loys for high-temperature service. Prop- 
erties, applications. Kennametal 


1403. Heat-Resistant Alloys 
sheet gives creep, 
ture mec cal properti 


MEASURE 
pat 


HEAT 


MICRO-OPTICAL PYROMETER 


Versatile PYRO Micro-Optical pre- 
cisely measures targets as small as 
001” in diameter or objects at re- 
mote distances to 2°C reproduci- 
bility! Temperature scales 700° 
3200°C (1300 - 5800°F). 


Send for FREE catalog No. 95. 


the universal 


PYRO 


SURFACE 
PYROMETER 


Quick-acting, pre- 
cise, with easy-to- 
read 4%” dial. 
Single and double 
ranges — 0°-300° F 
to 0°-1500°F for 
surface and sub- 
surface tempera- 


tures. Also sub- 
zero and special 
ranges. 


Send for FREE catalog No. 168. 


1390, Furnaces with | 
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a DESPATCH will hive 
from A356-al. alloy 


Where best mechanical properties are required from 
A356 aluminum castings, heat treatment should follow 
definite time at temperature programs. Careful adher- 
ence to quenching time and quench temperatures will 
alter tensile strength and elongation. Heat treating fur- 
naces by Despatch achieve temperature uniformity in 
the work chamber to minimum tolerances. Quenching 
time and quench temperature can be controlled to fit 
the metallurgical program required. Despatch engi- 
neers have built aluminum furnaces to the requirements 
of major aluminum producers and fabricators through 
all stages of aluminum industrial development. 


Despatch developed furnace features now make pos- 
sible the proper heat treatment of A356 al. alloys. Check 
Despatch for the correct furnace for all of your alu- 
minum and aluminum alloy heat treating requirements. 


Despatch aluminum aging oven treats 44 ft. extrusions 


Uniformity of +10°F is maintained in this huge work | | 4, | 
chamber by the Despatch designed duct system balanced to a 
distribute the heat provided by three pre-mix type heating } 
systems. Each system has burners of 500,000 BTU per $ a 


hour capacity and a recirculating fan which handles 15,500 
CFM. This basic engineering design with proper controls 


i= 
| 

A 


maintain the necessary heat uniformity to age these 44 ft. 
extrusions to specification in minimum time. 


For any al-mg alloy heat treating requirements we invite PIONEERS IN ENGINEERING 
your inquiry. A Despatch engineer will give prompt service 
to your particular heat treatment problem and recommend HEAT APPLICATIONS 
a furnace design for the job. FOR INDUSTRY 


DESPATCH OVEN COMPANY 


619 SOUTHEAST 8TH STREET _——— 14, MINNESOTA 
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1404. Heat Treating Belts 
16-page booklet on selection of steel 
processing conveyor belts gives complete 


specifications. ickwire Spencer Steel 
1405. Heat Treating 
Equipment 


24-page Catalog 54 on light weight 
Processing and heat treating equipment. 
Pressed Steel Co. 


1406. Heat Treating Fixtures 

16-page Catalog M-7 on heat treating 

ets and corrosion-resistant alloy fab- 
rications. Wiretex Mfg. Co. 


1407. Heat Treating Furnaces 

12-page Bulletin 81 on recirculating fur- 
naces for heat treating aluminum alloys, 
annealing and stress relieving. Conveyor- 
ized, pot and batch types. Despatch Oven 


1408. Heat Treating Furnaces 
32-page catalog on high-speed gas fur- 
naces for heat treating carbon and alloy 
steels; also pot furnaces for salt and lead 
hardening. Charles A. Hones, Inc. 


1409. Heat Treat Pots 

Catalog on pressed steel pots for lead, 
salt, cyanide, oil tempering and metal 
melting. Eclipse Industrial Combustion 


1410. Heat Treating 


Lead article in Heat Treat Review, Vol. 
10, No. 2, on principles of power convec- 
tion heat treating. Surface Combustion 


1411. Heat Treating 

12-page bulletin on heat treating equip- 
ment. Applications and special features of 
19 different types of furnaces including 
shaker hearth, conveyor, high-vacuum, 
elevator-type brazing. Pacific Scientific 


1412. Heat Treatin 

Monthly bulletin on u heat treating 
and plating equipment available for im- 
mediate delivery. Metal Treating Equip- 
ment Exchange 


1413. Heat Trea 

22-page booklet on equipment for heat 
treating metal in atmospheres. Descriptive 
diagrams and charts. Lindberg Engineer- 
ing 

1414. Heat Treatment 

Bulletin 200 on car hearth, rotary 
hearth, pit, roller hearth, belt, chain, 
usher, and “hi-head” furnaces. R-S 


‘urnace 
1415. High Frequency 
Hosting 
High Frequency Heating Review, Vol. 
1, No. 5, on induction brazing and solder- 
ing. Review of new equipment. Lepel 
High Frequency Laboratories 


1416. High-Strength Steels 
Folder on manganese-copper steels. 
fabricating practice. Republic 
tee 


1417. h Steel 

14-page booklet on -M_ ultra-high- 
stren steel. Charts, tables. Interna- 
tional Nickel Co. 


1418. High-Strength Steel 

Folder on medium manganese copper- 

bearing high-strength steel. Properties, 

resistance. Youngsiown Sheet 
ube 


1419. High-Strength Steel 
24-page booklet with graphs and charts 
ives applications, advantages of type 
ll steel. Allegheny Ludlum 


1420. High-Strength Steel 

Data sheet and 16-page folder on 
VascoJet 1000, 5% chromium air-harden- 
ing steel. Mechanical properties, fa 


strength, heat treatment and surface 
properties. Vanadium-Alloys Steel Co. 
1421. High-Temperature Alloy 


Property data for 21% Cr, 9% Ni heat- 
resistant alloy. Electro-Alloys 


1422. High-Temperature 
Alloys 
New 12-page booklet describes Nicro- 
tung and W-545 superalloys for turbine 
disks and blades. Properties, structure. 
Materials Mfg. Dept., Westinghouse Elec- 
tric 


1423. High Tensile Steel 
12-page bulletin on properties and 
composition of N-A-X high-tensile steel. 
Examples of resistance to impact, fatigue, 
abrasion and corrosion. Great Lakes Steel 


1424. High-Temperature 
Lubrication 
Bulletin 423 on colloidal graphite and 
molybdenum disulfide dispersions and 
their use for high-temperature lubrica- 
tion. Case histories. Acheson Colloids 


1425. High-Vacuum Gages 

Bulletin 9-2 on new high-vacuum gages 
and controllers. Ranges, specifications, 
special features. Rochester Div., Consoli- 
dated Electrodynamics 


1426. Hole Punches 

Catalog AJ on hole punching units with 
cast stee! holders. Punch sizes and hole 
sizes. Punch Products Corp. 
1427. Hot Topping 

l-page flier descri basic hot topping 


Colloidal 


Graphite 


dispersions 


FOR THE METAL WORKING 
INDUSTRY 


GRAPHITE PRODUCTS CORPORATION 
manufactures quality metal working lub- 
ricants. Lubricants for titanium, mag- 
nesium, aluminum and the new metals 
as well as steel, stainless steel, and 
alloys. Lubricants for forging, extruding, 
drawing, and other metal working op- 
erations. Lubricants you can count on 
to do the job. 

A qualified staff is available for spe- 
cialized development service. You are 
invited to submit your requirements. 
There is of course no charge for this 
service 


GRAPHITE PRODUCTS CORPORATION 


BROOKFIELD, OHIO 
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JUST A FEW USES: 


® Forging compound 


® High temperature 
lubricant 


© Extruding compeund 
© Dry film lubricant 
® Parting agent 


MODEL W ELECTROLYTIC 
MOISTURE ANALYZER 
Vacuum connected unit with 
adjustable alarm 


sures water 
content better tha 
] part per 


; 1,000;000 


Useful applications: 

@ Measure moisture in flue 
gases in heat treating. 

@ Continuous or batch analyses 
of moisture in a wide variety 
of gas streams — including 
process streams, inert atmos- 
pheres required in plant proc- 
esses and laboratory dry 
boxes, and plant instrument 
streams. 

@ Measuring reaction rates 
where water is involved as a 
reactant, product or catalyst. 
Available in portable, weather- 
proof, explosion-proof, auto- 
matic control and recording 
units. 

All Model W analyzers include flow indicators 


Write for complete information 
MANUFACTURERS ENGINEERING 
& EQUIPMENT CORP. 

10 Sunset Lane, Hatboro, Pa. 


| [ss 
| 
) 
| BS 
Descriptive litereture and 
working samples on request. 
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NICKEL BASE ALLOY 
FORGINGS 


GUARANTEED 
PROPERTIES 


FOR 
IMPROVEMENTS IN 
— weight 

— reliability 

— performance 


can be accomplished with WYMAN-GORDON 
forgings. Optimum metallurgical practice and 
quality control provide higher property levels and 
reduced variation within and between forgings to 
permit generally the following GUARANTEED 
MINIMUM mechanical properties for contoured 
wheels and discs up to 50 inches in diameter. 


RENE 41* 


Typical Mechanical Properties 


TENSILE PROPERTIES: STRESS RUPTURE: 
/ Room Temp. 1400° F Notch Bar Smooth Bar 
Pe a Ultimate Strength, psi 200,000 145,000 Temperature, ° F 1350 1650 
A .2% Yield Strength, psi 150,000 125,000 Stress, psi 85,000 25,000 
02% Yield Strength, psi 135,000 110,000 Life, Hours 100 50 


Elongation (% in 2”) 15 18 Elongation, “% 12 12 
Reduction in Area, “% 18 20 Reduction in Area, % 14 14 


Guaranteed Minimum Mechanical Properties 


TENSILE PROPERTIES: STRESS RUPTURE: 
* Room Temp. 1400° F Notch Bar Smooth Bor 
7 A ~ , Ultimate Strength, psi 180,000 135,000 Temperature, ° F 1350 1650 
J “a5 .2% Yield Strength, psi 132,000 115,000 Stress, psi 85,000 25,000 
02% Yield Strength, psi 120,000 100,000 Life, Hours 40 25 
Be ” Elongation (% in 2” 12 13 Elongation, % 8 10 
gif Reduction in Area, % 14 18 Reduction in Area, % 10 12 
41 GENERAL ELECTRIC COMPANY 
@) Forgings of other Nickel Base Alloys with superior guaranteed prop- 


erties are also available. Wyman-Gordon is prepared to serve you at 
the design, engineering and purchasing stages of your developments. 


WYMAN - GORDON 


FORGINGS 
of Aluminum Magnesium Steel Titanium... and Beryllium Molybdenum Columbium and other uncommon moterials 


WORCESTER MASSACHUSETTS DETROIT MICHIGAN 


GRAFTON MASSACHUSETTS FRANKLIN PARK ILLINOIS LOS ANGELES CALIFORNIA FORT WORTH TEXAS 


HARVEY ILLINOIS 


4 
\ i} | 
if | 
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unit for use on vacuum induction melting 
furnaces. Zak Machine Works 


1428. Induction Hardening 

Bulletin M-1938 on induction hardening 
machine gives advantages and application. 
Cincinnati Milling Machine 


1429. Induction Heaters 
8-page bulletin EH 57-6 on electronic 
induction heaters. Specifications, basic 
components, guide to brazing and solder- 
ing and frequenc oe chart are 
included. Ajax Magnethermic 


1430. Induction Heating 

4-page folder on use of induction heat 
treating, hardening, brazing at Caterpillar 
Tractor. Ohio Crankshaft 


1431. Industrial ipment 
12-page catalog on finishing systems, 
cleaning, pickling, rustproofing uip- 


ment, ovens, conveying equipment. R. C. 
Mahon Co. 


1432. Inspection 
Bulletin on Spotcheck dye-penetrant in- 
spection. Advantages, prices. Magnaflux 


1433. Investment Castings 
8-page bulletin describes four cobalt 
and one iron-base alloy. Properties and 
recommendations on joining, machining, 
grinding, heat treating. Haynes Stellite 


1434. Iron Powders 

6-page booklet on iron powders used in 
molding, welding, cutting and scarfing. 
Chemical analysis, cr characteris- 
tics. Foote Mineral 


1435. Laboratory Equipment 
Data on cathodic vacuum etcher for 
metallographic samples, complex alloys 
and dispersions that are difficult to etch. 
Nuclear Materials & Equipment Corp. 


1436. Laboratory Equipment 
Folder on 5 types of laboratory mixers. 

for each type. Mizxing 
quipment 

1437. Laboratory Equipment 
Catalog on high-temperature laboratory 

ovens, construction, controls, accessories. 

Modern Laboratory Equipment Co. 


1438. Lab Test Dies 
Complete information on multi-motion 
laboratory test specimen dies. Haller 


1439. Lathe Chucks 

12-page catalog on geared scroll and 
independent hardened plate-type chucks, 
gives specifications, uses. Whiton Machine 


1440. Leaded Alloy Steel 
8-page bulletin gives mechanical prop- 

erties of Rycut 40, medium-carbon fast- 

machining leaded alloy steel. Ryerson 


1441. high 
book on low- 


alloy ; and 
uses. U's 


1442. Lubricants 
8-page booklet on colloidal 
concentrate 
ers. Grafo Coll 


1443. Lubricants 

Bulletin 581 on colloidal graphite di - 
sions for industry. 17 uses listed. Tables 
on concentrated and ready-to-use solu- 
tions. Graphite Products Corp. 


1444. Magnesium 


53-page book on wrought forms of mag- 
nesium includes 44 tables. White Metal 
Rolling & Stamping Corp. 


1445. Marking 
Data on Paintstik markers for identifi- 
cation of heat treated parts. Markal Co. 


1446. Measurement Systems 

New 12-page bulletin on process indus- 
try measurement and control equipment. 
Industrial Nucleonics Corp. 


1447. Measuring Tools 

New 9%6-page catalog of precision meas- 
uring tools and instruments. Illustrations, 
price list. Scherr-Tumico Co. 


1448. Melting Furnaces 

32-page catalog on Heroult electric fur- 
naces. ign, yah sizes, capacities, rat- 
ings. American Bri 


1449, Metal Cutting 

56-page Catalog No. 32 gives prices and 
describes complete line of 7 files, 
burs, metalworking saws and other prod- 
ucts. Martindale 


1450. Metal Finishing 


Literature file on properties and appli- 
tions of conversion coatings, brighteners, 

process chemicals and protective coatings. 
Allied Research Products 


1451. Metal Process Belts 

New 34-pa page catalog on high-tempera- 
ture belts. Engineering and installation 
data. Selection suggestions, applications. 
Ashworth Bros. 


1452. Metals 

New 8-page brochure on wire, rod and 
shapes in titanium, zirconium, tantalum, 
columbium and other special metals. 
Melting methods and cleaning, rolling, 
wire straightening techniques. Johnston 
& Funk Metallurgical Corp. 


1453. Metal Sorting 
Data on nondestructive sorting of raw, 
semifinished or finished parts. J. W. Dice 


1454. Microhardness 


Data on microhardness tester with read- 


BUSTER ALLOY (S1 type with increased carbon) 
—a unique shock resisting steel 
with good wear resistance and freedom 
from chipping, breaking, crumbling. 


Product of Skilled 
American Workmen 


DECEMBER 1959 


cjo Mr. 


You ask for it—we’ll send it! 


New booklet tells all about 
GRAFO—the super-protector 


Use GRAFO Water Products for high heat and excessive 
pressures, for press forging, extruding, etc. Use GRAFO 
Oil Dispersions for hammer forging, oven conveyors and 
general industrial applications. 


» Send for this booklet, explaining the proper graphite 
dispersions for specific operations. Use the coupon 


GRAFO COLLOIDS Corporation sharon, Ps. 


GRAFO COLLOIDS CORP. 
279 Wilkes Place, Sharon, Pa. 


Please send new booklet on GRAFO colloidal dispersions. to 
Name of Company _ 


Street 


City 


Zone State 


_ 
— 
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HEAT 
RESISTANT 


A.C.1. 
HA, HC, HD, HE, HF, HH, 


HI, HK, HL, HN, HT, 
HU, HW, HX 


CA-15, CA-40, CB-30, CC-50, 
CE-30, CF-8, CF-20, CF-8M, H 
CF-12M, CF-8C, CF-16F, 

CH-20, CK-20 


LOOK NO FURTHER THAN fahralloy 


A For over a quarter of a century | > 
| 44 Fahralloy has served the needs of a 
? the nation's leading industries with highest 


quality alloy castings. Whether your 

particular need is for heat resistant alloy 
castings or stainless, you can be sure they'll 
be made to your exact specifications 
when you place your order with Fahralloy. 


ot'NG 


1SOTH AND LEXINGTON AVENUE ¢ HARVEY, ILLINOIS 


QUALITY e SERVICE e¢ INTEGRITY 


METAL PROGRESS 
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R-S CAST IRON PIPE ANNEALING 
FURNACES USED BY 
EVERY LEADING PIPE FOUNDRY 


For more than 35 years leading pro- 
ducers of centrifugal cast iron pipe 
have relied on chain conveyor type 
annealing furnaces designed and built 
by R-S. 

R-S experience goes back to the first 
centrifugal cast iron pipe produced in 
this country more than 35 years ago. 
Since then cast iron pipe annealing 
furnaces have been a specialty with 
R-S engineers. Their experience and 
development of furnaces to meet the 
needs of annealing cast iron pipe has 
kept pace with the industry. Today, R-S 
pipe annealing furnaces offer greater 
uniformity of heating through all ranges 
and precision controlled cooling. 

R-S pipe annealing furnaces range 
in capacities from 15 to 35 tons per 
hour. Write for complete information 
on the newest developments in centrif- 
ugal cast iron pipe annealing by R-S. 


R-S FURNACE COMPANY, INC. 
NORTH WALES, PA, 


FURNACES 
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i corresponding to Vickers. Newage 
Industries 
1455. Microhardness Tester 


Bulletin describes the Kentron micro- 
hardness tester. Torsion Balance 


1456. 
Technical Bulletin -2 on vacuum 


heating stage which permits specimens 
to be examined at EE ranging 
from room temperature to 2000° F. Appli- 
cation, specifications. Unitron Instrument 


1457. Nickel Plating 


Technical brochure on a stress reducing 
a for nickel plating baths. Seymour 


1458. Nondestructive Testing 

8-page bulletin on equipment for non- 
destructive testing of rods, tubing. 
Magnetic Analysis 


1459. Nonferrous Forgings 
_34-page booklet on brass, bronze and 

aluminum for How they are made, 

oys, tolerances. Mueller 
rass 


1460. Oil Quenching 

8-page brochure tells in detail how car- 
ben steel often can replace alloy steel 
when additive is used in the quenching 
oil. Aldridge Industrial Oils 


1461. Ovens 

Bulletin 157 on ovens for baking, drying, 
curing and heat treating. Batch and con- 
veyor types. Air recirculating and heat- 
ing systems. Young Bros 


1462. Ovens 

Bulletin 4-257 on gas, oil and elec- 
tric ovens. Load-carrying-door, electric- 
drawer and walk-in type ovens. Grieve- 
Hendry 


1463. Parts Production 

Data on forging, machining and finish- 
ing facilities for production. H. K. 
Porter, Forge & Fittings Div. 


1464. Phos sophating 

Bulletins 108-24 and 108-25 on low-tem- 
re ature phosphating procedure for spray 
ag 2 and dip applications. Turco Prod- 
ucts, Inc. 


1465. Plating 

Data and specification sheet covering tin 
plating a wide range of nonferrous thin 
strip metals. Somers Brass Co. 


1466. Platinum Metals 

8-page brochure on  platinum-metal 
products. Properties of platinum-group 
metels. Metals & Controls Div., Texas In- 
struments, Inc. 


1467. Platinum Products 
20-page catalog on properties of clads 

and composites of platinum group metals. 

Avai'able fabrications. J. Bishop & Co. 


1468. Potentiometers 

4-rage Bulletin 1271 on small self-bal- 
ancing electronic potentiometers and 
bridges. Bristol Co. 


1469. Powdered Metals 

Folder on how powdered metal parts 
eon replace machined parts. Norwalk 
Powdered Metals, Inc. 


1470. Powder Metallurgy 

16-page booklet on advantages and dis- 
advantages of process, design data, mate- 
rials used. Reese Metal Products 


1471. Precision Casting 

8-page bulletin on investment ca‘t'ngs 
of various ferrous and nonferrous alloys. 
Engineered Precision Casting 


1472. Protecting Tubes 
Data folder on thermocouple protecting 
tubes. Alloys used and prices for formed 
and drilled tubes. Claud S. Gordon Co. 
(Continued on page 48-A) 


below 800° F. 


Accurate 
MPERA? 


Type LT-840 
low temperature 
Xactemp Pyrometer 
with rigid extension 
arm and surface 
tip thermocouple. 


1001 USES 


This is the answer to 
quick, accurate tem- 
perature readings below 
800° F. in many industrial 
processes and operations. 
And it's so convenient to 
handle. 
The Xactemp hand-type 
pyrometer, Model LT-840, is 
used with needle thermocouples, rib- 
bon thermocouple, surface tip ther- 
mocouple, and other specially de- 
signed thermocouples and extension 
arms. These are easily interchange- 
able and, without adjustments or 
recalibration of the instrument, quick- 
ly ready it for measuring the surface 
temperature of stationary and re- 
volving rolls and cylinders, flat and 
irregular surfaces of molds, dies, etc. 
in rubber and paper making, plastic 
materials, rubber, wax, oils, greases, 
and other semifluid materials. 
Handy, compact design makes this 
Xactemp pyrometer ideal for field 
service, laboratory, and production- 
line use. 


Write for detailed, descriptive litera- 
ture on Gordon Xactemp Pyrometers. 


CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermotouple Supplies « Industrial Furnaces & Ovens 
Pyrometers & Controls « Metaliurgico! Testing Machines 

613 West 30th Street, Chicago 16, IIlinois 
2021 Hamilton Avenue, Cleveland 14, 


| 
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How | BaW JOB-MATCHED EXTRUSIONS 


can reduce your machining time and cost 


.. parts cost less when you start with an extruded 
section. There’s less machining time — less metal 
waste, 

-+».and you have a choice of high-alloy and stainless 
steels, and non-ferrous metals to match your job 
requirements. 

++. a wide variety of shapes, in solid or tubular form, 
are produced to meet design needs. 


Let us help you design a better product, at lower cost, 
with B&W Extrusions. Call your local B&W District 
Sales Specialist, or write for Bulletin TB-413 to The 
Babcock & Wilcox Company, Tubular Products Division, 
Beaver Falls, Pennsylvania 


THE BABCOCK & WILCOX COMPANY 


TA-9021-E2 


TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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PRESSURIZED 


INDUSTRIAL 
ANNOUNCES PRINCIPLE 


A NEW METHOD GIVING YOU 
STARTLING HEAT TREATING RESULTS 


WHAT P-P-P DOES 


1. Maintains positive pressure of protective and ac- 
tive atmosphere at .010” of water 


Given precise control of atmosphere mixes 
Reduces amounts of carrier gas and additions 
Preconditions green load automatically 


Permits slow cool or quench without reloading in- 
terference 


Excludes air from vestibule minimizing fire or ex- 
plosive hazards. 


HOW P-P-P IMPROVES QUALITY. . . LOWERS COSTS 


@ Gives positive metallurgical and processing duplication load 
after load. 


@ Produces surface conditions which permit direct plating on 
properly pre-conditioned parts. 


@ Eliminates spotty hardness and discoloration. 
Permits uniform shallow case (.001”-.005”) on thin parts. 


®@ Reduces amounts of generator gas consumed—uses lower 
priced generator. 


FP 


®@ Permits visual observation of furnace pressure and atmos- 
phere conditions. 


® Prolongs life of alloy components—reduces down-time and 
maintenance costs. 


P-P-P AVAILABLE FOR 


—CARBONITRIDING  —CARBURIZING 
—CARBON RESTORATION —CLEAN HARDENING 


TYPES OF P-P-P FURNACES 
* AUTOMATED * SEMI-AUTOMATED 


FACILITIES AVAILABLE TO PROCESS 
SAMPLE PARTS—WRITE 


* BATCH 


INDUSTRIAL 


HEATING EQUIPMENT CO. 


3570 FREMONT PLACE, DETROIT 7, MICHIGAN © WALNUT 3-7000 


CIRC-AIR 


PIONEERS AND STILL LEADERS IN RECIRCULATION 
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Another first by Wheelico 
low-cost millivoltmeter 


controllers with 
3-function control forms 


Indicator Integral percentage 
odjustment output indicator 


Reset 


Proportioning with auto- 


Gein eo” matic rate and reset makes 

aa Wheelco stepless electric 
proportioning control in- 

Monval dustry's best instrumenta- 

ore ol tion buy. 

elim notes 

the need of 


Now, you can get the process control accuracy you've always hoped for 
at a price far below what you expected to pay. Because it comes from 
Wheelco, the unquestioned leader in stepless electric proportioning 
control, and is backed by thousands of successful industrial installations 
— you know it will perform as specified. 


In addition, your Wheelco stepless electric proportioning control can 

incorporate: 

1— Current Limiters for added protection on molybdenum-wound or 
platinum resistance elements. 


2— Anticipatory Action to give fast warmup without temperature 
overshoot. 


3— New Pilot Amplifiers with more efficient components and biasing x 
circuitry for improved linearity. 


Your nearby Wheelco instrument engineer will be glad to show you 
how the Wheelco Model 407 with 3-function controller can provide 
major benefits in your processing. He is as close as your telephone. 
Better call him today. 


BARBER-COLMAN COMPANY 
Dept. X, 1518 Rock Street, Rockford, Illinois 
BARBER-COLMAN of CANADA, Ltd., Dept. N, Toronto — Export Agent — Ad. Auriema, Inc., New York 
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HERE ARE 25 DISCRIMINATING 
BUYERS WHOSE OVER 152 ORDERS 
AND REORDERS PROVE COMPLETE 
SATISFACTION WITH THESE TWO 
UNITRON INSTRUMENTS. AMERICAN 
BRASS, BATTELLE MEMORIAL 
INSTITUTE, CARNEGIE INSTITUTE, 
DOW CHEMICAL, E. |. DUPONT, 
GENERAL ELECTRIC, GENERAL 
MOTORS, GOODYEAR ATOMIC. 
1. B. M., MINNEAPOLIS 

HONEYWELL, M. |. T. 

MISSOURI SCHOQL OF 


MINES, MOTOROLA, 
NATIONAL BUREAU OF 
STANDARDS, NATIONAL 
CASH REGISTER, R.C.A., 


REYNOLDS METALS, 

UNION CARBIDE & 

CARBON, UNIV. OF COLORADO, 
UNIV. OF CINCINNATI, UNIV. OF 
WASHINGTON, UNIV. OF WIS- 
CONSIN, U.S. GOVERNMENT, U.S. 
STEEL, WESTINGHOUSE ELECTRIC. 


MODEL MEC 


UNITRON INVERTED Metallurgical Microscope: This compact unit provides many 
of the features usually found only in larger metallographs. Standard equipment 
includes optics for 25-1500X, polarizers, filters, transformer in base, etc. A built-in 
camera attachment for 35mm. photography is included with the binocular and 
available for the.monocular model. Extra accessories include Polaroid camera 
attachment, vacuum heating stage and illuminator for transmitted light. Think of 
the time which your laboratory can save by providing each metallurgist with one 
of these handy, inexpensive units for use at his desk. 


Monocular Model MEC $399 Binocular Model BMEC $615 


UNITRON METALLOGRAPH and Universal Camera Microscope:A completely self- 
contained instrument of modern design for visual observation, photography, 
projection, and measurement of both opaque and transparent specimens; using 
bright field, dark field, or polarized illumination. Standard equipment includes 
all optics for 25-2000X, polarizers, filters, 34"°x44%4" camera, and many accessories. 
Also available are camera attachments for Polaroid, 35mm., and motion picture 
photography; vacuum heating stage for temperatures to 1500°C.; and macro- 
objectives (5-40X). Even laboratories on a limited budget can enjoy the precision, 
speed and efficiency possible only with a complete installation of this type. 


Monocular Model U-11 1195 1379 MODEL BU-11 


There is a free 10 day trial offer UNITRON rinses scitwnne co 


on any UNITRON Microscope. | 204-206 MILK STREET, BOSTON 9, MASSACHUSETTS 


Please rush UNITRON’S Microscope Catalog 2-X 


Let the instrument prove its value to you 
—in your own laboratory—before you 


decide to purchase. __NAME 


PRE __ ADDRESS 
Your 
HE TREN T ony 
T D IS TO UNITRON yon. 2 


See for yourself why... 


STATE 


| 
These typical 25 took a total of 192 
WA 
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Fanstee! Metallurgical Corp.: Operator loads sintering furnace with trays of FASTELL® heavy duty electrical contacts. 


Critical sintering temperatures a problem? 


Not at Fansteel Metallurgical Corp., where Speedomax® H is regulating moly heaters and simplifying 
control of critical sintering temperatures. With temperature dependent upon load density and compact 
composition, Fansteel depeads upon experience for the right temperature . . . upon Speedomax H for 
control reproducibility. Rugged, compact and completely reliable, this controller continuously regulates 
power input to moly heaters .. . holds furnace temperature well within specified limits. Speedomax H is 
providing the same dependable control on numerous heat treat processes ... is helping produce both 
process economies and a quality product. Whatever your heat treat, it'll pay you to investigate 
Speedomax H! For details, contact your nearest L&N office or write 4927 Stenton Ave., Phila. 44, Pa. 


LEEDS NORTHRUP 
instruments Furnoces 


Automatic 


“H" C.A.T. control brings furnace from 900 to 1300 C in 16 minutes without over- 
shoot or hunting. Magnetic plifiers are cor iently mounted on pane! back. 
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tool and die steel moves every job ‘om start t 
WV 
the f arpenter steei Company, reading, Pa. | 


Reveals variations 
in O.D. size, 

wall thickness, 
grain size, 
and hardness. 
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This flaw is .004 square inches in area 
Damascope revealed exact size and location 


Here is a new and improved method of eddy current inspection that 
guarantees each and every piece of Damascus pressure tubing will 
meet your specifications. Damascope reveals not only the presence 
of flaws, but their exact size and location. Tubes with surface or 
sub-surface cracks, seams, splits, holes and inclusions are automati- 
cally indicated and 

Over one million inspection feet were run to prove the new test 


which Damascus now employs as a regular production check on 
pressure tubing quality. 


DAMASCOPE “Eddy Current” Test Meets 
ASTM Area Size Limits on Flaws 


Wall of Defect 


Area Size 
Thickness (Length or Depth) Length x Depth 

Gauge (in.) (in.) (sq. in.) 

20 0.035 0.005 0.0020 

18 0.049 0.006 0.0024 

17 0.058 0.007 0.0028 

16 0.065 0.008 0.0032 

15 0.072 0.009 0.0036 

14 0.083 0.010 0.0040 


Tubing passed by Damascope is guaranteed to meet A.S.T.M. speci- 
fications as outlined in the Book of Standards, Part 1, covering 
ferrous metals. 


If you employ more stringent requirements, Damascope can be set 


to even finer sensitivity to yield a super tube at only a slight 
premium. 


FOR COMPLETE 
INFORMATION ON 
DAMASCOPE TESTING 
Write today for 
four-page bulletin 
explaining operation 
and other pertinent 
data on Damascope 
inspection. 


SUITABLE FOR NUCLEAR WORK 


For nuclear or other critical applications, Damascope can be even 
more closely calibrated to yield a tube of super quality. Damascope 
is powered by batteries which eliminate the variable effects caused 
by current surges. It also employs modulation analysis to separate 
eddy current signals from background interference. 


AMERICAN STEEL 


JAMASCUS TUBE COMPANY 


STAINLESS STEEL TUBING AND PIPE 


GREENVILLE, PENNSYLVANIA 


WAREHOUSE ASS'N 


METAL PROGRESS 


q 
4 Minor Dimension 
ing 4g 
i 
at 
= 


MISSIL 


The newest rockets, guided missiles, earth 
and sun satellites have a SEL-REX PRECIOUS 
METAL ELECTROPLATE on their electronic 
equipment and circuitry. The same quality and 
precision demanded by such applications is also 
being provided to leading jewelry manufacturers 
to help them make better, more salable products 
—at lower cost. 


Whether you make missiles and rockets or pro- 
vide lockets for misses, there’s an exclusive 
SEL-REX PRECIOUS METALS PLATING 
PROCESS to meet your particular needs. 


*SEL-REX BRIGHT GOLD — the standard of the industry 


—twice as hard as ordinary 24K Gold Plate — mirror- 
bright in any thickness, directly from the bath. 


* AUTRONEX ACID GOLD — for the exacting industrial 
application—mildly acid electrolyte—absolutely no free 
cyanide—plates at room temperature. 


*DOPED GOLD PROCESSES — doped with antimony or in- 
dium, depending on desired characteristics—best for Sili- 
con and Germanium semiconductor applications. 


*TEMPEREX — Produces pure 24K Gold electroplate which 
will withstand higher temperatures than any pure Gold 
plate known. 


*THERMOKARAT -Produces exceedingly hard (470 Vick- 
ers) 18K Gold electroplate for decorative or industrial ap- 
plications. 


*RHODEX — a patented Rhodium plating process which 


yields compressively stressed, crack-free deposits, permit- 
ting thicker Rhodium electroplate than ever before possible. 
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AND ROCKETS 


PLATANEX L/S — low stress Platinum plating process 
produces essentially nonporous electroplate for high tem- 
perature and other exacting industrial applications—no in- 
termediate scratch brushing or burnishing required. 


* KARATCLAD GOLD PROCESSES — acid Gold processes 
for decorative applications—Jeweler's Finish in any thick- 
ness, in a wide range of non-varying colors. 


BRIGHT RHODIUM PROCESS — yields brilliant, fine 
grained, non-tarnishing deposits. Manufactured in our own 
air conditioned laboratories, its purity assures consistent 
quality results for all decorative applications. 


*SILVREX BRIGHT SILVER — mirror-bright deposits in 


any thickness, operates at room temperature in current 
densities from 10 to 40 asf—hard and ductile deposits. 


SILVER SOL-U-SALT — a water soluble double cyanide 
salt—permits new ease and facility in the preparation of 
Potassium Silver Cyanide plating solutions. 


POTASSIUM GOLD CYANIDE — the purest available— 
used in the preparation of our own exclusive Gold Plating 
Processes—manufactured in moisture controlled facilities. 


INDUSTRIAL SILVER PLATING PROCESSES — a com- 
plete line of silver plating formulations for high speed in- 
dustrial applications. 


Patented and patents pending 


PRECIOUS METALS DIVISION 


SEL-REX CORPORATION 


NUTLEY 10, NEW JERSEY 


Manufacturers of Exclusive Precious Metals Processes, Metoflic Power Rectifiers Airborne 
Power Equip Liquid © ion Filters, Meteo! Finishing Equipment ond Supplies. 
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AZ to misses and lockets. 
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VAPOR DEGREASI 
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Now, one grade of trichlor does both 


Whether you clean a rocket or degrease a gear, you can now use Nialk® metal 
degreasing grade trichlorethylene as your cleaning agent. 

This grade of Nialk meets rigid government and industry standards for 
solvents used to clean rocket and missile components. It leaves little or no 
residue when it evaporates. At the same time, it keeps the above-average chem- 
ical stability needed for vapor degreasing. 

The savings in this twofold use of one grade of trichlor can be readily seen. 
Now you can: 

Cut your inventory and make your buying easier. 

Avoid errors. No one can pick the wrong drum when you're buying just one 
grade of trichlor. 

Make your materials handling easier. 


Help end your disposal problems. Usually you can use the Nialk trichlor 
from your flushing operation in your vapor degreasing operation without distill- 
ing, or the solvent can be recovered and used again and again. 


STABILITY WITH psp 
You get psp too, when you ask for Nialk trichlorethylene. psp is “permanent 


Staying power,” the ability of the stabi- 
lizer to keep from wearing out. 

You can get more information on this 
metal degreasing grade of Nialk trichlor. 
Just write for specifications and data. 


HOOKER CHEMICAL 
CORPORATION 


412 UNION STREET 
NIAGARA FALLS, N.Y. 


HOOKER 


CHEMICALS 
PLASTICS 


Sales Offices: Chicago, Detroit, Los 
Angetes, New York, Niagara Falis, 
Philadelphia, Tacoma, Worcester, Mass. 


in Canada: Hooker Chemicais Limited 


North Vancouver, B. C. 
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Annealing furnace at the Shelby mill. Ostuco tubing can be bright or soft annealed, stress relieved, normalized or heat treated. 


ee As a leading producer of quality transmission com- 


ponents, we can’t leave anything to chance. Our 
design requirements, materials specifications and 
manufacturing processes are under the most strin- 
gent quality control standards. And we demand as 
much of our vendors. 

“One sure way we have found to eliminate 
the unpredictable is to specify Ostuco Seamless 
Tubing. We know from experience we can rely on 


the precision annealing and unvarying quality of 
Ostuco tubing that slashes reject rates, helps us 
produce parts in quantity for profit . 

If you want to eliminate the unpredictable in 
your own plant, then it’s time you called your local 
Ohio Seamless representative. He’s listed in the 
Yellow Pages. Or contact the plant at Shelby, Ohio 
—Birthplace of the Seamless Steel Tube Industry 


in America. 


OHIO SEAMLESS TUBE DIVISION 


of Copperweld Steel Company « SHELBY, OHIO 


Seamless and Electric Resistance Welded Stee/ Tubing + Fabricating and Forging 
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SALES OFFICES: Birmingham, Charlotte, ‘Chicago (Oak Park), Cleveland, Dayton, Der Denver, Detroit (Huntington Woods), Houston, Miami, 
Ts Wes a New York, North Kansas City, Philadelphia (Wynnewood), Pittsburgh, Rochester, St. Louis, St. Paul, Salt Lake City, Seattle, 
CANADA: &P EXPORT: 
ay = Engr. Coy 
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a Automatic Transmission Manufacturer Specifies 
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MUELLER BRASS CO. 600 ALLOY 
screw machine product used in 
heavy duty farm equipment 


This heavy duty planetary pinion shaft, made as a screw part from tough “600” 
series bearing alloy, was the answer to a continuing wear problem encountered 
in the driving mechanism of heavy-duty farm equipment and big trucks. The part 
is machine produced to exacting tolerances and all necessary finishing operations 
are done by Mueller Brass Co. so the pinion shoft is ready for installation when 
received. Since “600" alloy parts have been installed, no operating failures have 
been reported and the shafts have proved far superior to the material formerly used. 


Ale” 


MUELLER BRASS CO. 


Methods Analysi 
ANALYSIS SERVICE ethods Analysis Department 


has at its da P 


You get sound, unbiased advice 
on the one best method of 
making your parts because 
Mueller Brass Co. is the only 
fabricator in the country offer- 
ing all these methods of pro- 
duction. An experienced 


knowledge of the advantages 
and limitations of each produc- 
tion process. This unique tech- 
nical service is your assurance 
of getting the best product at 
the best price . . . made the 
one best way! 


IMPACT EXTRUSIONS 


two more cases where» PARTS PRODUCED FROM 
provide excellent bearing properties 


COLD-PRES 


PLASTIC INJECTION 


MOLDING 


MUELLER BRASS CO. 
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CASE HISTORY 


MUELLER BRASS CO. 600 ALLOY forgings 


used in aviation air compressors 


Analyzing the job requirements of Walter 
Kidde & Company, Inc., for a main driving 
cam component to be installed in a recipro- 
cating type of aircraft air compressor, Mueller 
Brass Co. Methods Analysis Engineers de- 
cided on a forging fabricated from “600” 
alloy as the most practical method of pro- 
duction. Since the cam forms the prime 
component of the driving mechanism, it 
must have good bearing wear surfaces and 
because the compressors are used in the 
aviation industry, the cams must be com- 
pletely dependable. The close grained, strong 
forging that resists combination compressive 
and tensile stresses was the answer. 


A typical compressor takes in ambient air 
and compresses it to 3000 psi or higher. 
This high pressure air is stored in metal or 


This yoke forging is 
lightweight, yet 
strong; has excellent 
bearing weor surfaces. 


POWDERED METAL PARTS 


SAND CASTINGS 


fiberglas containers until needed for actu- 
ation of p atic system P ts such 
as solenoid control valves, brake valves, 
manval contro! valves or actuators. These 
and other pneumatic units retract the en- 
trance door, operate landing gear, wheel 
brakes, nose wheel steering systems, pro- 
peller brakes or perform other functions. 


Aircraft in which Kidde compressors are 
installed include the Boeing 707, the Douglas 
DC-8, the Lockheed Electra, the Fairchild 
F-27 and various military aircraft. 


Mueller Brass Co. produces press, hammer 
or cored forgings of any practical shape 
from a few ounces to 150 Ibs. in brass, 
bronze, aluminum and magnesium in 27 
standard, as well as special, alloys. 


MUELLER BRASS CO. 600 attoy 


and maximum wear resistance in tough applications 


pressor equipped 
with hydraulic 
drive delivers air 
compressed to 
3000 psi at the 
rate of 6 cfm. 


Forging is part of the 
main cam, the prime @ 
component of a modi- 
fied Scotch-type yoke, 
which is the piston 
driving mechanism in 
the air compressor. 


Write today for free technical 
literature on any one or all of 


MICH. 206 


the seven fabricating methods. 


PORT HURON 28, 


DECEMBER 1959 
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SALT WATER CORROSION 


How Lukens Application Research can help you 
find the right steel plate for the job 


Among other materials, our Application 
Engineering staff has studied the outstand- 
ing nickel alloy, Monel, in a variety of salt 
water applications. Monel is surprisingly 
economical when used in clad plate form— 
a Lukens specialty produced by bonding a 
layer of Monel to a tough, low-cost carbon 
steel backing plate. 

The massive legs of off-shore radar plat- 
forms, for example, are protected by Lukens 
Monel-clad steel plate. Our engineers rec- 
ommended this shielding for the critical 
splash areas extending above and below the 
water line. It has proved a most successful 
application. 

Salt water swimming pools on ocean 
liners, traditionally of tile, often require ex- 


tensive repair between voyages. We helped 
solve this problem for a well-known steam- 
ship line—again with Monel-clad steel plate. 
Beautiful to look at, these sea-going pools 
need only routine cleaning and maintenance. 
Many are now in service— others are being 
built, including one for the nuclear powered 
Savannah. 

It your assignment is salt water corrosion, 
let it be our assignment, too. Lukens Appli- 
cation Engineers have documented cases 
covering a wide range of materials selection 
problems—to help you choose the right steel 
plate. 

Contact Manager, Application Engineer- 
ing, F129 Services Building, Lukens Steel 
Company, Coatesville, Pa. 


ASK FOR THE BULLETIN ON LUKENS CLAD STEELS 


Helping Industry 
Choose Steels 
That Fit The Job 
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Denver Fire 
builds 
Better Furnaces for Industry 


Special Car Bottom, 
Heat Treating Furnaces 


The Denver Fire Clay Company designs 
and supervises the construction of special 
car bottom, heat treating furnaces to your 
requirements. 


The efficient design of each furnace is 
assured by many years of experience in the 
manufacture of industrial furnaces. Con- 
structions for heat treating carbon steel, 
manganese steel and malleable iron castings; 
also for stress relieving welded steel assem- 
blies and forgings. 


Prerequisites of every DFC Furnace 
design are Simplicity, Durability and 
Efficiency. Let our engineering staff help 
with your heat treating problem. 


SHAKER HEARTH SEMI-MUFFLE TYPE 
HEAT TREATING FURNACE BOX TYPE HEAT TREATING FURNACE 
HEAT TREATING FURNACE 


= Fire Clay Company 


DENVER 2 SALT LAKE CITY 
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... ANNEALING 


CAMBRIDGE METAL-MESH BELTS give you 
the low-cost, continuous production you ee 
need to beat competition in the ’60’s! TREY 


Metal products of all types move through — 
sintering, brazing, annealing, quenching, 
washing or hardening operations faster— 

and without costly manual handling. Uni- 

formity is high because heat, gases or ys bt. 
liquids flow through the belt and around ‘a! 


the product for thorough treatment. 


Superior belt design and manufacturing 
techniques save on operating :ost, too, 
by giving longer belt life, fewer repairs. 
Belts can be made heatproof, coldproof, 
corrosion resistant—in any mesh, weave, 
metal or alloy—with any side or surface 
attachments. 
Call your Cambridge Field Engineer 
now. He'll be glad to discuss any 

pect of Cambridge Belts—from 
manufacture to installation and | 
service. Look in the Yellow Pages SELrs | 
under “Belting, Mechanical”. Or, 
write for FREE 130-PAGE REFER- 
ENCE MANUAL. 


The Cambridge rene 
“(me Wire Cloth Co. 
Department B * Cambridge 12, Md. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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SURFACE POWER CONVECTION 


speeds annealing rate to 
8,000 Ibs/hr of brass tubing 


This furnace is one of Scovill Manufacturing Company’s (Waterbury, Con- 
necticut ) answers to the threat of imported brass and copper mill products. 

Scovill is after new highs in production and quality in its new streamlined 
tube mill at New Milford, Conn. This continuous roller hearth furnace, 
equipped with Surface Power Convection, helps achieve both goals. It 
anneals and cools 8,000 Ibs. of brass and cupro-nickel tubing an hour. At the 
same time, it produces tubing of superior physical properties because it 
maintains temperature uniformity at plus-minus 8° F. 

Such process speeds and temperature uniformity are possible only with 
Surface Power Convection, the most important advance in convection heat 
transfer in 20 years. Ask your Surface representative how you can apply this 
profitable new technology to your products. Write for Bulletin SC-182. 
SURFACE COMBUSTION CORPORATION + 2377 Dorr Street, Toledo 1, Ohio 
In Canada: Surface Industrial Furnaces, Ltd., Toronto, Ontario 


= wherever heat is in industry 
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From left to right: Stanley Pyciak, Purchasing 
Agent; Richard Hammerstein, Park East Lansing 
Representative; J. H. McKiveen, Chief Metal- 
lurgist; William Pickell, Foreman Heat Treating 
Department. 


“PARK’S NU-SAL and THERMO-QUENCH . . give us 


excellent results ... in austempering automatic 
transmission bands to exacting specifications.” 


J. H. McKlveen, Chief Metallurgist, Kelsey-Hayes Wheel Co., Jackson, Mich., says, “Our 
problem is one of supplying the heavy demands of the automobile industry for automatic trans- 
mission bands to their exacting specifications. 


“We austenitize these bands at 1550-1600 degrees F. in Park Nu-Sal for seven to ten minutes 
depending on the thickness of the band. They are then quenched at 650 degrees F. in Park 
Thermo-Quench for seven minutes. These operations are followed by a cold water quench, 
hot water rinse, and a soluble oil bath for preservation until use. 


“The reason we use Park Chemicals? Over a period of years, we’ve found Nu-Sal and 
Thermo-Quench meet our toughest requirements. When you are doing a high volume job, 
any stoppage is a major problem. Park chemicals have helped us reduce downtime—up 
production. And one other thing, you can’t beat Park for service and delivery.” 


For complete data on Park Nu-Sal Neutral Salt write for technical bulletin H-2. For complete 
data on Park Thermo-Quench write for technical bulletin H-19. Park Chemical produces a 
complete line of heat treating and quenching materials and would be happy to help you work 
out a solution to your heat treating problems without obligation. Call or write olor. 


) @ Park-Kase Liquid Carburizers @ Quenching 


9 pering Salts @ Protective Coatings (No-Carb—No-Kase—No-Scale—No-Tride) @ Carbon Products 
(Charcoal—Crushed Coke-Pitch Coke—Lead Pot Carbon) @ Kold Grip Polishing Wheel Cement @ Par-Kem Metal Cleaners 
@ Cutting and Grinding Compounds (Kem-Cut—Kem-Grind—Blve Ice) 


PARK CHEMICAL COMPANY 8074 military Ave. © Detroit 4, Mich. 
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For critical design 


‘ Ss tee 
Production know-how gained in mak- 
ing highest quality tool and die steels 
gives Latrobe an advantage in pro- 
ducing VAC-ARC (consumable vac- 
uum melted) steels to meet critical 
design requirements. VAC-ARC 
, Steels possess unusual cleanliness, 
improved ingot structure, and supe- 
rior mechanical properties. 
Compare! 
; TYPICAL TRANSVERSE TENSILE PROPERTIES 
(8”" square billet of Dynafiex) 
Property 
APPLICATION a Air Melt | Vac-Arc | Air Melt | Vac-Are 
High Temperature A-286 | ; Tensile Strength (psi) 285,000 | 287,000 | 285,000 | 285,000 
Yield Strength .2% (psi) | 250,000 | 252,500 | 245,000 | 250,000 
Bearings 
Regent Elongation % 4 
Aircraft & Missile - Dynoflex of Area 
e te Call your Latrobe representative . . . or write for literature. 
LATROBE Metalmastou LATROBE STEEL COMPANY 
LATROBE, PENNSYLVANIA 
BRANCH OFFICES and WAREHOUSES: 
BOSTON « BUFFALO « CHICAGO «¢ CLEVELAND « DAYTON « DETROIT 
HARTFORO «+ LOS ANGELES «+ MIAMI « MILWAUKEE + NEW YORE 
PHILADELPHIA PITTSBURGH + SAN,\.EANDRO TOLEDO 
‘Latrobe's Trade Name for Vv 
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but only one was right for the job 


Severe stresses imposed by this forming opera- 
tion caused a high rate of reject for a fabricator 
using hot rolled plate to the usual ASTM—A7 
specification. A call to his Ryerson Steel Spe- 
cialist brought a suggested change to Ryerson 
welding and forming plate—a prompt solution 
to a costly problem. 

Even in “plain carbon steel’’ applications, 


there’s usually only one steel that’s exactly right 
for each job. Nationwide, daily experience with 
a wide range of material selection and fabricat- 
ing problems puts your Ryerson Specialist in 
the best position to know what is exactly right 
for your job. Backed by complete and diversi- 
fied stocks, Ryerson can best supply that exact 
specification fast! 


Let us help you make sure you get optimum value for your 


I'vB-M 


steel-buying dollars on every order—call Ryerson today. 


Increased Value in Buying Metals RYE 0 L 
Ask about this Ryerson Plan for 1959 ’ 
Joseph T. Ryerson & Son, Inc., Member of the 


STEEL « ALUMINUM «+ PLASTICS «+ METALWORKING MACHINERY 
NATION'S MOST COMPLETE SERVICE CENTERS IN PRINCIPAL CITIES COAST TO COAST 
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Towarp Mip-Octoser, the 9th Annual 
A.E.C. Welding Forum was held in Chicago at 
the call of Frank W. Davis, metallurgical engi- 
necr of the Division of Reactor Development. 
These important meetings have always been 
highlighted by the report of the committee on 
welding of Type 347 stainless steel (Cb-stabilized 
18-8) — welding rods, weld soundness, physical 
properties of weld metal and welded joints, cor- 
rosion resistance. The uninhibited presentations 
of the chairman, the late V. N. Krivobok, were 
always a matter of pleasant anticipation. His 
role has now been assumed by Russell B. Gunia 
of U.S. Steel Corp. Metal Progress hopes to sum- 
marize the principal findings of this eight-year 
study in an early issue in 1960. 

Any detailed report of the proceedings must 
await declassification, since the meeting was 
“closed”. It is permissible to say, however, that 
much of the discussion was about the welding of 
thin sheet or plate into assemblies with very close 
dimensional tolerances (on the order of 0.010 in. 
in 4 in.) with the utmost of uniformity and sound- 
ness. The materials are exotic and reactive 
metals so that the work has to be done in inert- 
gas atmosphere in “dry boxes”. Yet percentage 
of defective parts was quoted by two different 
speakers at below 2 per 1000! The secret of 
success seems to be correct joint design, properly 
devised setup (fixtures), meticulous cleanliness, 
accurately adjusted and rigidly controlled auto- 
matic welding equipment, and proper cooling 
rate. Come to think of it, these are the essen- 
tials for sound welds in ordinary steel, yet it is 
surprising how easily they can get out of hand! 

This same meeting instituted a program on the 
welding of reactor vessels, and it is about time, 
for these huge pressure vessels have nearly 
reached their limit — steel up to 8 in. thick 
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Critical Points 
By the EDITORS 


Effects of Radiation on Metals 


One of the Unknowns of Reactor Engineering 


and of size which crowds the railroad clearances. 
Working conditions of high temperature and 
pressure are serious enough but another un- 
known (and “unknown” is used advisedly) en- 


ters —the added effect of radiation. While a 
very large amount of work has been done on 
this problem, there are many remaining uncer- 
tainties. As H. M. Finniston of the U.K. Atomic 
Energy Authority's Research Establishment said 
in his report to the British Institute of Metals on 
the metallurgical developments revealed at the 
Geneva Conference: “Particularly disappointing 
were the reports on the effects of irradiation on 
materials. The technical difficulties of these ex- 
periments are considerable and may to some 
extent excuse the slow pace of advance; but per- 
haps more discouraging is the fact that the need 
for accurate control of irradiation test conditions, 
if we are to understand the phenomena involved, 
is still not fully appreciated.” 

Hence the importance of a two-day supple- 
mentary meeting at Chicago, also organized by 
Frank Davis, where a gathering of about 100 
American and foreign specialists in the field dis- 
cussed the status of the research about radiation 
effects on structural materials and the implica- 
tions to reactor design. 

At the risk of oversimplification, it may be said 
that the damage is principally done by fast-flying 
neutrons which knock metallic atoms out of their 
proper location in the space lattice (thus causing 
vacancies ), transmute and split metal atoms into 
others, and cause tiny yet intense heating-and- 
quenching effects. All of these disorganize the 
regular space lattice and hence build up internal 
strain and consequently increase the strength and 
hardness of the metal at the expense of its duc- 
tility. Counteracting this is the heating effect of 
gamma radiation or of the surroundings at tem- 
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peratures which may approach 1000’ F. Such 
temperatures will anneal the strained metal and 
bring it back toward its original condition. Obvi- 
ously the result shown by a test piece will be 
some balance between the hardening and the 
annealing effects, and this balance will depend 
on the neutron flux (not only the integrated or 
total flux but the spectrum of high energy, me- 
dium and thermal neutrons), exposure tempera- 
ture and time. As Mr. Finniston implies, these are 
usually out of the control of the investigator. 
Only of recent years has it occurred to anybody 
to put steel samples at the inside surface of reac- 
tor vessels and withdraw them at stated inter- 
vals so the actual condition of the shell could 
be appraised. 

At any rate, the available test results on pres- 
sure vessel steels (carbon and low alloy) are 
none too reassuring. The effect of moderate radi- 
ation at moderate temperature is to raise the 
transition temperature (temperature at which a 
“satisfactory” value of toughness or impact test 
becomes “unsatisfactory”), and to lower the 
toughness at working temperature. Heavy radi- 
ation may even reduce the impact strength of 
good boiler steel to near zero. It is little reas- 
surance that the original properties can usually 
be restored, substantially, by annealing at 600° 
to 900° F. 

One may be pardoned for suspecting that our 
present steels have about reached the limit of 
their capabilities in reactor vessels. (It is no 
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Huge Reactor Vessels 
Such as This Have Nearly 
Reached Their Size Limit 
(Courtesy Combustion 
Engineering Corp.) 


reflection on their proved reliability in a mul- 
titude of uses to recognize that they have, even 
so, definite limitations.) We know that carbon 
is the principal strengthener of steels, but it is 
effective largely after precise heat treatments. 
Strengthening heat treatment is impossible in 
such thick slabs. Hence we turn to well-chosen 
alloying additions. But there is a limit to that. 
What is needed is a metal which can be designed 
to carry much higher stresses more safely at 
moderately high temperatures than can carbon or 
low-alloy steel. 

If we can dream a bit, we might predict that 
some day an alloy of stable (corrosion and oxida- 
tion resisting ) metals will be devised, a precipi- 
tation hardening solid solution. Its preliminary 
heat treatment at higher than operation tempera- 
ture would strengthen it properly by precipitating 
a cloud of stable and slow-diffusing particles 
throughout the metallic crystals. At operating 
temperatures, the vacancies and other straining 
caused by radiation would be annealed out by 
self-diffusion as rapidly as formed —a balance 
struck between straining and annealing rates. 

Of course, such an ideal constructional material 
is for the future. For the present such meetings 
as the one at Chicago are of value in pooling 
the available information on materials now 
known by producers, designers, constructors and 
users, devising better ways of getting data for 
designers or operators, and organizing coopera- 
tive action toward those desirable objectives. @ 
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Rene 41... 


New Higher-Strength Nickel-Base Alloy 


The alloy derives its strength principally from the coherent gamma- 


By R. J. MORRIS* 


prime phase precipitate, Ni,(Al, Ti). René 41 is producible in all mill forms 
and it can be forged and welded. Yield strength is superior to other 
commercial alloys up to 1400° F. and the alloy is expected to play 

an important role in future jet engines and space vehicles. 


A pressinc NEED for a better high-tempera- 
ture sheet alloy has been accentuated by the 
desire of designers to fabricate sheet metal com- 
ponents for jet engines (such as compressor and 
turbine frames) which could be substituted for 
heavy forgings. The weight saving would raise 
the thrust-to-weight ratio. To continue to ad- 
vance the power and speed of jet engines has 
required innovations in design and has demanded 
breakthroughs in materials. One of the latter is 
“René 41” —a new nickel-base alloy developed 
by General Electric Co. in its Flight Propulsion 
Division. 

The high-temperature nickel-base alloys as a 
group have generally surpassed the cobalt-base 
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(A-general, T24b; Ni-b, SGA-h) 


alloys because of their superior yield and creep 
strengths, oxidation resistance, and alloying po- 
tential. Figure 1 gives yield strength as related 
to temperature for René 41 compared with other 
commercial high-temperature alloys. A typical 
chemical analysis for René 41 is as follows: 


Carbon 0.10% Silicon 0.10% 
Cobalt 10.0 Manganese 0.05 
Molybdenum 10.0 Iron 1.00 
Chromium 19.0 Sulphur 0.010 
Titanium 3.0 Boron 0.005 
Aluminum 1.50 Nickel Balance 


Percentages of four critical elements in the 


*Structural Materials Programs, Metallurgical En- 
gineering, General Electric Co., Cincinnati, Ohio. 
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Fig. 1—Yield Strength 
(0.2%) of René 41 Compared 
With Other High-Tempera- 
ture Alloys From Room 
Temperature to 1400° F. 


composition of some of today’s nickel-base alloys and carbides (one or more) of the MgC, Mo3C«, 
are given below: Ti(C,N), or Cb(C,N) type. Upon cursory ex- 
ALLoy Ti amination of the chemistry and compounds avail- 
René 41 3.0 able, René 41 does not appear to be markedly 
Inconel “X” 2.5 different from other alloys. However, Fig. | 
Hastelloy R-235 2.5 shows the extraordinary strength of this particu- 
a op lar combination of titanium, aluminum, molyb- 

Udimet 500 3.0 denum and cobalt. 
Inconel 700 2.5 René 41, as do the other alloys in this group 
Inconel W 2.4 derives its strength principally from the coher- 
ent gamma-prime phase precipitate, Ni,(AI,Ti). 


Inco 702 0.5 
These alloys consist of a face-centered cubic solid Phase identification work has demonstrated that 
solution matrix, compounds such as Ni;(ALTi), this compound is completely in solution at 1950" 
F. However, in order to retain it in 
solution, a rapid water quench is nec- 
essary so that the product is amenable 
to forming. Temperature of solution 
0.500 70 of the gamma prime phase is graphi- 
cally indicated in Fig. 2 which depicts 
the formability of water quenched 

sheet as a function of annealing tem- 
9.400 ae perature. Sheets and bars are mill 

on //formabilty annealed at 1975°F. and water 

(Read Left) quenched. After all forming and 
welding operations are complete, the 

mene os Data: alloy is solution treated again at 1950” 
1Ye F. and air cooled; aging follows at 
1400° F. for 16 hr. This heat treat- 

ment produces optimum tensile prop- 
erties and is utilized whenever a part 
| is designed on basis of yield strength 
for operation below 1400°F. Long- 

time applications at higher tempera- 
tures (for example, 100 hr. at 1700° F.) 


Fig. 2— How Annealing Temperature Influences Hard- 


ness and Formability of René 41 Sheet (0.047 In. Thick) 


1800 1900 2000 2100 
Annealing Temperature, °F. (2 Hr., Water Quench) 
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Fig. 3—René 41 Sheet (0.060 In. Thick) 
in Mill Annealed Condition (1975° F., 
Water Quenched), Showing Large Gray Par- 
ticles of TiC and Numerous Small M,C Car- 
bides. Etchant: Schantz plus HCl; 1000 x 


are creep limited. For applications such as these, 
René 41 is solution treated at a temperature of 
2150° F., followed by a 4-hr. stabilizing age at 
1650° F. 

The other important phase present in the alloy 
is the carbide, McC. While gamma-prime phase 
goes into solution at about 1925° F.., 

M,C carbide does not dissolve until 


the structure. If they are dissolved, carbon will 
precipitate as the brittle grain-boundary film of 
MosCe which can offer only a bare minimum 
of ductility. A high-temperature mill anneal 
at a temperature of 2150° F. also results in a rela- 
tively coarse grain which aggravates the cracking 
tendency. 

René 41 has been produced in all mill forms — 
sheets and bars, billets for forgings, and invest- 
ment castings. Billets have been made from 
single induction vacuum melted and double 


2150° F. Thus, there are profuse car- Table I — Results From Experimental Extrusion of René 41* 


bides remaining in the microstructure 


after the recommended mill anneal of bchien-e 
1975° F. (see Fig. 3). Although they mena 


"1ELD STRENG 
Untimate | STRENGTH | Eton- |RepucTion 


STRENGTH 0.2% 0.02% |GATION| IN AREA 


do have a slight detrimental effect 
upon the formability, they should not Long. 
be taken into solution. If subsequent Long. 
forming, welding, and heat treatment —_—‘T rans. 
are scheduled, the sheet must never be Trans. 
annealed at a temperature which dis- a 
solves the MgC. This is because dis- Trans. 
solved carbon will precipitate as brittle Long. 
Mo;C, carbide films in the grain Long. 
boundaries when the material is ex- —— 
posed to 1200 to 1500°F. Cracking my 
is likely to result if there is any Long. 
restraint in the system. Trans. 

The secret of success here is simply Trans. 


185,600 psi. | 136,500 | 125,500 | 14.0% 
168,800 132,000 | 116,000 | 7.8 
177,600 132,500 | 120,000 | 10.9 | 
180,000 133,000 | 122,000 | 12.5 l 
At 1400° F. 
136,000 111,200 | 100,800 | 10.9 11.2 
| 133,340 116,000 | 97,060 | 15.6 15.2 
136,540 | 110,400 | 101,400 | 18.7 18.0 
131,740 117,860 | 100,260 | 20.3 23.8 
| 129,600 120,800 | 108,000 | 15.6 19.5 
129,360 114,940 | 103,460 | 26.5 27.8 
131,200 | 113,600 | 104,800 | 13.2 16.4 
| 138,400 121,600 | 108,000 | 13.2 21.4 
134,140 112,000 | 101,600 12.5 | 14.7 
137,600 | 116,800 | 108,800 | 18.7 25.1 


At Room Temperature 


that carbon must remain as MgC car- 
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: Z *Heat treatment: 1950° F., 4 hr., air cooled; 1400° F., 16 hr., 
bides randomly dispersed throughout air cooled. 


Extrusion produced by Cameron Iron Works. 
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vacuum melted (induction plus consumable elec- 
trode) ingots. The alloy has been produced in 
ingot sizes up to 4000 Ib. Figure 4 shows an 
experimental forging of René 41 produced by the 


Fig. 4— Experimental Forging Produced From 
René 41 by Cameron Iron Works, Houston, Tex. 


Cameron Iron Works, Houston, Tex. This part 
measures 17 in. across the flange by 14 in. long 
by % in. wall thickness and was made from a 5-in. 
billet. This part was produced successfully at 
the first attempt on a 5000-ton multiple ram press. 
The level of mechanical properties achieved 
(Table I) is outstanding. 

A typical microstructure of René 41 bar stock 
is shown in Fig. 5 (solution treated at 1950° F. 
4 hr., air cooled, then aged at 1400° F. 16 hr., 
air cooled). Grain size is small, A.S.T.M. No. 6, 
and the structure is characterized by fine, dis- 
crete, dispersed particles of carbide. Some can 
be seen in ghost grain boundaries. The fine 
Ni,(AL,Ti) compound is not visible, generally, on 
optical photomicrographs unless the material has 
been considerably overaged. 


Conclusions 


In summary, it has been demonstrated that 
René 41 is (a) producible in all mill forms, (b) 
can be welded and heat treated successfully, 
(c) can be forged into complex shapes, and (d) 
has yield strength superior to all other commer- 
cial alloys from room temperature up to 1400° F. 
Because of its outstanding properties, this alloy 
will play a major role in the design of advanced 
jet engines, aircraft and space vehicles in the 
coming years. 


Fig. 5 — Transverse Mi- 
crostructure of René 41 
Bar Heat Treated as 
Follows: Mill Anneal, 
1975° F., 4 Hr., Water 
Quench; Solution, 1950° 
F., 4 Hr., Air Cool; Age, 
1400° F., 16 Hr., Air 
Cool. Etchant: Schantz 
plus HCl; 500 x 
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What's New in Tungsten Research 


Every year an estimated $2,600,000 is spent on tungsten development 
in the United States. Of this, 40% is sponsored by federal agencies. 


By W. W. AUSTIN* 


This article reviews current reports presented at a recent 
research-in-progress conference on tungsten cosponsored by the 
Office of Ordnance Research, U. S. Army, and nine other 


Tue CURRENT INTENSIFICATION of interest in 
tungsten and other refractory metals was spot- 
lighted recently by a two-day conference held at 
Duke University. Subjects ranged from produc- 
tion of high-purity tungsten and effects of trace 
impurities to alloys and properties; from forming 
and fabrication to flame spraying and protective 
coatings. Highlights of the conference are re- 
viewed in this report with no attempt to give 
individual credits since virtually all of the papers 
are to be published later. 


High-Purity Tungsten 


A major factor in the recent “rediscovery” of 
tungsten as a potential structural metal is that 
optimum properties can be achieved through 
extremely high purity. Also, minute traces of 
such interstitial impurities as carbon, oxygen, 
nitrogen, and hydrogen can drastically lower 
strength and ductility. Consequently, tungsten 
of four-nines purity is considered a minimum for 
satisfactory properties, while five-nines purity is 
a desirable goal. Research on production of 
tungsten with this degree of purity has centered 
around careful purification of tungsten salts. 
This is followed by hydrogen reduction or elec- 
trolysis in fused halide baths. Further processing 
involves a choice among conventional powder 
metallurgy techniques, vacuum or inert-atmos- 
phere arc melting, and more recently, electron 
beam zone refining. Some workers have been 
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contracting agencies. (A-general, A9; W) 


satisfied with the properties of powder metal- 
lurgy products for less critical applications. 
However, where maximum ductility combined 
with good strength is required, arc melted and 
electron beam zone-refined materials are supe- 
rior. For example, comparative data from the 
same laboratory indicate that at 200° F. a typical 
coarse-grained powder metallurgy product has 
a tensile strength of 49,000 psi. with 1.2% reduc- 
tion in area while the arc melted and impact 
extruded material will have 97,000 psi. tensile 
strength with 4.8% reduction in area. At 2500" 
F., the tensile strength of zone-refined tungsten 
is about 22,000 psi. 


Electron Beam Refining 


In recent months, the electron beam technique 
has been applied to zone refining of tungsten and 
other metals. This operation uses the heat gen- 
erated when a concentrated beam of electrons (in 
vacuo and under high electro-potential) strikes 
the surface of the metal to be refined. The heat- 
ing effect on the anode or target of an X-ray tube 
is a well-known example of this principle. At 
present, the electron beam process is limited 
to laboratory-scale work, but there are possibili- 
ties for expansion to larger scale operations. 

For zone refining of tungsten, rod specimens 


- *Head, Dept. of Mineral Industries, North Caro- 
lina State College of Agriculture and Engineering, 
Raleigh, N.C. 
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about ¥% in. diameter by 6 to 8 in. long are slowly 
traversed by an annular cathode or electron 
source focusing a very intense beam of electrons 
upon a short length or zone (about % in. long) 
of the specimen. Within the beam, the metal 
melts and rises to a very high temperature. Most 
impurities are volatilized in the high vacuum. 
Others, having a lower melting point than the 
base metal, remain liquid and follow the slow 
movement of the molten zone to the end of the 
specimen. The process is repeated as many times 
as necessary. 

In this type of refining, coarse polycrystalline, 
or monocrystalline, structures of tungsten are 
usually produced. Because of the extremely high 
purity, exceptionally good ductility is achieved in 
these specimens. Room-temperature elongation 
values up to 12% are reported, and interstitial 
impurities can be reduced to a point where they 
cannot be detected by vacuum fusion analysis. 


Effects of Impurities 


Because refining and purifying improve prop- 
erties so greatly, much of the current research 
on tungsten is devoted to evaluating the effects 
of trace impurities upon properties. One impor- 
tant approach to this problem is through meas- 
urement of typical properties as a function of the 
extent or degree of zone refinement. For exam- 
ple, electrical resistivity measurements at in- 
tervals along the specimens reveal markedly 
lower resistivity in zone-refined areas. This is 
also presented as evidence of the effectiveness of 
zone refining. Further evidence of the influence 
of purification on properties is shown in the de- 
crease in proportional limit. It dropped from 
38,000 psi. (after one pass of electron beam re- 
fining) to 17,000 psi. (after four passes). This 
effect is indicative of the general softening and 
enhancement of ductility that normally accom- 
panies such refining treatments. Specimens that 
are refined twice in the electron beam are ductile 
at room temperature (15% elongation ) but fail in 
a brittle manner (4% elongation) at liquid nitro- 
gen temperatures (—320° F.). Studies are now 
determining ductile-to-brittle transition tempera- 
tures as a function of purity in these materials. 


Alloys of Tungsten 


Tungsten alloy systems may be considered in 
terms of alloys added primarily to purify the base 
metal, dispersoid systems using nonmetallic 
additives such as thoria, and phase equilibrium 
studies. When purifying with alloys, the prime 
purpose is elimination or stabilization of the in- 
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terstitial impurities (carbon, oxygen, nitrogen and 
hydrogen). To this end, small additions of active 
metals, such as the rare earth elements, are 
being investigated. A good criterion of their 
effectiveness is the ductile-to-brittle transition 
temperature, while hardness measurements, 
metallographic, and fractographic examinations 
also provide supplemental evidence. Arc melt- 
ing in inert atmospheres appears to be satisfac- 
tory for introducing and homogenizing rare earth 
additions. Though conclusive results are not yet 
available, these additives appear promising. 
However, there is some concern over possible 
side effects on properties. 

Interest in controlling properties of tungsten 
by adding nonmetallic dispersoid particles is not 
new. Thoria additions have long been used by 
the lamp filament industry to control recrystal- 
lization and grain growth. Compared to com- 
mercially pure tungsten, thoriated tungsten has 
superior properties and is readily fabricated by 
conventional techniques. Aside from deliberate 
additions of thoria, other dispersoid particles 


Fig. 1 — Elevated Temperature Properties 
of Pure Tungsten. At high temperatures, 
it is one of the strongest of all metals. 
(Courtesy Fansteel Metallurgical Corp.) 


such as zirconia, boron carbide, and tungsten 
boride are slated for investigation. The potential 
of dispersoids is seen when comparing tensile 
properties of pure refined tungsten at 2500° F. 
(11,000 psi. yield strength, 22,000 psi. tensile 
strength, 70% reduction in area) with those of 
thoriated tungsten (38,000 psi. yield strength, 
41,000 tensile strength, 45% reduction in area). 


METAL PROGRESS 


| | | 

2 | | | | 
q 

| | j | 

| | | | | 

| 500 1000 1500 2000 
Temperature, °F. 


Fig. 2— Tungsten Parts 
Fabricated by Spinning. 
The two reverse conical 
sections inthe upper right 
(which are spun from 
sheet) are similar to 
rocket nozzles now being 
used. (Courtesy Fansteel 
Metallurgical Corp.) 


Oxides are also being added to tungsten to elimi- 
nate carbon. For example, controlled additions 
of tungstic oxide will remove trace quantities of 
carbon through evolution of carbon monoxide in 
vacuum melting. 

The broadest and most promising field of alloy 
investigation is in phase equilibrium studies. 
Here, the ultimate aim is to improve physical 
and mechanical properties and overcome the 
limitations of low ductility and poor oxidation 
resistance that have hindered the use of tungsten 
as a structural material. Immediate goals are 
the determination of phase equilibrium diagrams 
for systems, or portions of systems, that have 
been judged to hold the greatest potential for 
engineering applications. In reaching these ob- 
jectives, it is not always necessary to determine 
complete equilibrium diagrams. Much of the 
desired data is obtained from spot selections of 
alloy compositions for preliminary studies. Gaps 
are filled in with additional compositions as 
needed. Among the binary systems, tungsten- 
molybdenum, tungsten-tantalum, and tungsten- 
columbium alloys are getting the most attention. 
Work on ternary systems stems from one or the 
other of these binary systems, and proceeds 
by systematic additions of a third component 
such as vanadium, chromium, hafnium, titanium, 
zirconium, rhenium, osmium or platinum. 

Phase equilibria are evaluated largely by de- 
termining solubility limits, identifying inter- 
metallic compounds, and examining various melt 
reactions and the mode of crystallization of alloy 
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phases. Experimental techniques include both 


vacuum and inert atmosphere induction or arc 
melting, electron beam melting of braided wires 
of component metals, and levitation melting. 
Some difficulty has been experienced with the 
latter method because of the high specific 


gravity of tungsten. In spite of this, small heats 
were successfully melted in vacuo. While this 
method holds little promise commercially, it is 
excellent for making clean heats in the laboratory. 


Properties of Tungsten Alloys 


Some extremely interesting properties are re- 
ported for tungsten alloys. As an example, pure 
tungsten has long been known to possess good 
strength at high temperatures. Tensile strengths 
on the order of 30,000 psi. at 1800° F. are re- 
ported. By choosing the correct alloy composi- 
tion, much higher strengths are now obtainable. 
The molybdenum-tungsten system, which is 
characterized by complete solid solubility, has 
alloys in both tungsten-rich and molybdenum- 
rich regions that possess tensile strengths of 50,- 
000 to 60,000 psi. at 2000° F. In molybdenum- 
rich alloys, 0.10% Zr yields remarkably high 
strength at elevated temperatures. For example, 
one alloy, containing 25% Mo, 75% W, 0.11% Zr 
and 0.05% C, has a tensile strength of 98,300 psi. 
at 1800° F., and 73,500 psi. at 2400° F. 

A very limited amount of creep and stress- 
rupture data was presented at this conference. 
In some tests of pure tungsten at 2500° F., the 
stress-rupture value for failure in 100 hr. is 
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Fig. 3 The Large Tungsten X-Ray Target 
Was Compacted From Metal Powder. Sinter- 
ing and forging followed. Hot extrusion pro- 


reported at 10,000 psi., while that of thoriated 
tungsten is given at 18,000 psi. Part of the diffi- 
culty in obtaining this type of data has been the 
lack of equipment which would operate for pro- 
longed periods at extremely high temperatures. 
Now, several projects are aimed at improving 
such testing equipment. Problems associated 
with this work include not only the maintenance 
and accurate control of teimperatures on the order 
of 3000 to 4000° F., but also the design and selec- 
tion of materials for specimen holders and other 
components operating at these temperatures. 


Forming and Fabrication 


From the practical standpoint, there are some 
very real obstacles to commercial forming and 
fabricating of tungsten. This is because of its 
extremely high melting point and the resultant 
difficulty in obtaining clean homogeneous cast 
structures. The inherent brittleness of commer- 
cially pure tungsten is caused largely by grain- 
boundary films or envelopes of oxides or other 
nonmetallics. Eliminating the interstitial im- 
purities responsible for these films has permitted 
substantial progress. 

Recently, investigators have found that addi- 
tions of 20 to 30% rhenium will greatly improve 
hot ductility and formability of both molybde- 
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duced the seamless tungsten tube at right. 
In the background are successive steps in forg- 
ing. (Courtesy Fansteel Metallurgical Corp.) 


num and tungsten. This improvement is directly 
related to the mode of oxygen occurrence. Oxide 
films with low wetting angles occur in unalloyed 
tungsten, while high wetting-angle globules are 
formed in rhenium-treated alloys. Since man- 
ganese apparently acts in the same manner in 
counteracting hot shortness in steel, there is 
speculation as to whether or not it might also 
be effective in improving hot ductility in tungsten 
alloys. Such an approach seems particularly 
promising because of the close relationship be- 
tween manganese and rhenium in the periodic 
table. This is scheduled for investigation along 
with further work on the mechanism of the 
rhenium effect. 

In spite of inherently poor fabricability of 
tungsten, many workers have devised a number 
of reasonably satisfactory forming and fabrica- 
tion techniques. For many years it has been 
known that tungsten can be fabricated by powder 
metallurgy techniques. This method is still 
highly regarded both as a final production 
method, and as an intermediate step in producing 
sintered bars for arc melting or zone refining. 
Unfortunately, the advantages of powder metal- 
lurgy in producing close dimensional tolerances 
and a variety of sizes and shapes are largely off- 
set by failure to achieve optimum strength and 
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toughness in the finished product. Recent work 
has been centered around combinations of the 
are casting process with various forms of hot 
working. Promising results have been obtained 
in swaging, forging, rolling, and extruding. Most 
of this work has been done on small ingots, 2 to 
4 in. diameter, at temperatures on the order of 
3000° F. Below about 1800°F. there is some 
difficulty with edge cracking and other evidences 
of poor workability. This behavior is influenced 
greatly by purity and alloy content. 

One universal difficulty with tungsten and 
other refractory metals is their susceptibility to 
oxidation at high temperatures. Although oxida- 
tion resistance of tungsten is significantly im- 
proved by hafnium and columbium in quantities 
up to 10%, the oxidation problem is still very 
serious, 

As one approach in overcoming oxidation dur- 
ing fabrication, a complete commercial-scale 
facility for hot working in an inert atmosphere is 
under construction. It will consist of a large 
argon-filled room 40 x 80 x 25 ft., with facilities 
for heating, handling, and hot working metals in 
various ways. Workers will wear space suits 
equipped with portable air tanks. Emergency 
crash-exit doors are provided as a safety measure. 
Although construction of such a facility is admit- 
tedly expensive (about $3,000,000) and operating 
costs will also be high compared to conventional 
fabrication costs, it is felt that the advantages 
to be gained both in experience and production 
will make the undertaking well worth-while. 


Oxidation and Protective Coatings 


A considerable amount of research is being 
devoted to the fundamental thermodynamics and 
kinetics of tungsten oxidation. Significant prog- 
ress has been made in application of tungsten 
coatings by flame spraying with the nitrogen or 
argon-stabilized arc (plasma jet). Other investi- 
gators are working on coatings to protect against 
oxidation in service. 

Work on oxidation fundamentals has shown 
that thin films of tungstic oxide initially have a 
protective nature. However, as the film thickens 
with continued exposure, it loses this property 
and rapid oxidation ensues. Important factors 
in oxidation are the rate of oxygen diffusion 
through the film, the high volatility of oxide at 
elevated temperatures, and the influence of small 
amounts of water vapor upon the oxidation rate 
and upon the oxide volatility. Laboratory work 
has led to the establishment of equilibrium con- 
stants for the critical reactions involved, and a 
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reasonably complete understanding of oxidation 
kinetics at low flow velocities. Future work will 
be devoted to crystallographic and metallo- 
graphic studies of oxide films and oxide-metal 
interfaces. Also, electrical properties of the 
oxides will be examined with respect to lattice 
imperfections and impurity atoms. It is also 
believed that oxidation studies at very high flow 
rates (equivalent, for example, to velocities of 
mach 2) will be needed. 

Noble metal cladding was discussed. For this 
work, which is still in progress, metallic rhodium 
was electrodeposited upon wire specimens 0.070 
in. diameter by 8 in. long. Conventional cleaning 
procedures were employed, and coatings varying 
from 0.0002 in. to 0.003 in. thick were deposited 
from an aqueous sulphate bath. As of now, vari- 
ous combinations of pretreatments (including 
chromium and rhenium plating, siliconizing and 
chromizing) and post-treatments (to fuse and 
stress-relieve the deposits) are being studied. 
After plating, specimens are evaluated by direct 
resistance heating in air until the coating fails. 
Results indicate that rhodium-plated specimens 
can be protected against oxidation to at least 
1000° F. higher than is possible without any coat- 
ing. Most effective is a complex coating resulting 
from diffusion in the solid and partially liquid 
states from alternate layers of chromium, silicon, 
chromium and rhodium. Specimens having this 
treatment break down after about 1 hr. at 2800° 
F., or after about 20 min. at 3000° F. 


Tungsten Is a Promising Metal 


In summary, it is clear that tungsten and the 
other refractory metals have some extremely 
promising high-temperature properties. Because 
of this, they have great potential as space-age 
materials. It is equally clear, however, that 
many difficulties must be overcome first. Current 
research has evaluated many of the properties 
and outlined several approaches that may be 
used in overcoming limitations and difficulties. 

At present, practically all of the work on tung- 
sten and its alloys is of a research or develop- 
mental nature. Apart from the lamp filament 
industry, very little commercial-scale production 
is under way. Within the foreseeable future, 
however, many of the current research projects 
will probably show enough progress to justify 
significant expansion of tungsten production and 
utilization. As a result, rapid strides will be made 
toward solving many of the high-temperature 
materials problems that are hindering progress in 
the fields of space flight and atomic power. @ 
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How to Fabricate A-286 


By L. J. HULL* 


A typical superalloy, A-286, has been applied extensively 


for jet engine components by Ryan Aeronautical Co. This article 
records the company’s experience in heat treating, forming, machining, 


A xew mareniat that has reached the pro- 
duction stage and that shows superior properties 
for certain applications is A-286. Developed by 
Allegheny Ludlum for high strength and heat 
resistance, the alloy contains more than 50% Fe 
and thus has certain alloy and price economies. 
High strengths are produced by heat treatment, 
and other properties, particularly ductility in the 
center of larger sections, are acceptable up to 
1200 or 1300° F. Since these properties are use- 
ful in fabricated weldments which need strength 
from 800 to 1300° F., we at Ryan Aeronautical 
Co. have fabricated many jet engine afterburner 
and gas turbine components from A-286 during 
the past four to five years. It is our purpose to 
tell something of our experience with the ma- 
terial during this period. 

The nominal composition of this iron-base 
alloy is: 9.08 C max., 1.6 Mn, 0.65 Si, 15.00 Cr, 
25.00 Ni, 1.25 Mo, 2.10 Ti, 0.30 V, 0.20 Al and 
0.003 B. Although the material contains more 
than 50% Fe, there is enough nickel in it to stabi- 
lize austenite at all temperatures, and as a result 
no transformation occurs in the solid form. The 
alloy has excellent corrosion resistance up to 
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welding, cleaning and handling the alloy. (A-general, T24b; SGA-h, 17-57) 


1300° F. in all atmospheres encountered in jet 


engine applications. Oxidation resistance has 
been compared to Type 310 stainless steel and is 
satisfactory for continuous service up to 1500° F. 
Above 1800° F., the scaling rate is higher. 


Important Role of Titanium 


Titanium helps make the alloy responsive to 
heat treatment, and A-286} attains its strength 
entirely by a two-stage cycle which includes 
solution treatment and aging. It has been shown 
that Ni,Ti is the equilibrium phase of the co- 
herent transition structure; this compound is 
responsible for precipitation hardening. Al- 
though other precipitates may form, they do not 
appear to contribute to hardening. The NisTi 
phase does not form above 1650° F., and when 
formed by overaging at a lower temperature, it 
readily redissolves at 1700°F. These reactions 


*Chief Metallurgist, Ryan Aeronautical Co., San 
Diego, Calif. 

t Information on the physical and mechanical prop- 
erties is available from Allegheny Ludlum Steel 
Corp., Universal-Cyclops Steel Corp., Eastern Stain- 
less Steel Corp., Austenal, Inc., and others who pro- 
duce A-286. 
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Table I — Effect of Solution Treatment Temperature 


SOLUTION TENSILE YIELD 
TEMPERATURE*® | STRENGTH STRENGTH 


ELONGATION 


ment, it would appear that the alloy proper- 
ties can be “customized” to an application. 
For optimum properties in A-286, authori- 


1650° F. 155,000 psi. | 106,000 psi. 27.5% 


1800 145,000 100,000 25.0 
1900 | 145,000 93,000 25.0 
2050 141,000 88,000 22.0 


*Solution treatment as indicated, oil quenched, aged 16 


hr. at 1325° F., tested at room temperature. 


establish a stress-relief temperature or a mini- 
mum solution treatment temperature range of 
1650 to 1750° F. Hardening is optimum if the 
alloy is heated between 1300 and 1350° F. after 
solution treatment. After aging, properties are 
stable, and hardness is not reduced by subse- 
quent long-time exposures to temperatures of 
1300° F. and lower. 

The hardening response is sensitive to the 
amount of titanium even when it is within the 
specified range, 1.90 to 2.30%. Since titanium 
has an extreme affinity for carbon, oxygen and 
nitrogen, melting presents problems in keeping 
the titanium free for its intended purpose. All 
further processing must be controlled to prevent 
the element from losing its effectiveness. 

To solution anneal, A-286 is heated for 1 hr. 
at 1800” F. and oil quenched. Since it is reason- 
ably ductile in this condition (tensile strength, 
90,000 psi.; yield strength, 40,000 psi.; elongation, 
40%), it can be formed and welded. 

Table I shows that varying the solution treat- 
ment temperature affects mechanical properties 
after aging. Higher strengths result from lower 
solution temperatures in short-time elevated- 
temperature tests. Data from producers show 
that the strength varies with the titanium con- 
tent, and that the solution treatment temperature 
has less effect with lower titanium than high. 
Higher ductilities (as measured by elongation 
and reduction of area) 
occur with higher strengths 
at the lower solution tem- 


ties recommend solution treatment at 1800° 
F. for 1 hr. and aging at 1325° F. for 16 hr. 
A-286 may be purchased to the follow- 
ing specifications: A.M.S. 5525A, A.M.S. 
5735 C, A.M.S. 5736 A or A.M.S. 5737. It 
is also covered by consumer specifications 
such as General Electric B50T12 and 
B50T 46. All of these specifications call 
out minimum mechanical properties after heat 
treatment including a stress-rupture test. Experi- 
ence at Ryan has shown these specifications to be 
adequate in that relatively little material has been 
rejected when evaluated. Material failing to 
meet strength tests was found to be low in tita- 
nium. During the early use of A-286, some 
stress-rupture test failures were traced to inclu- 
sions in the materials. None of these defects 
have been found recently. 

Stress-rupture test results are not always re- 
producible, and this is especially true in sheet 
as the gage and width of test specimens go 
down. Axial loading is of prime importance in 
this test because variables are magnified in 
smaller samples. It should be noted that extreme 
care must be exercised in preparing and testing 
each specimen. 


Heat Treating A-286 


This presents a few special problems. For one, 
thing, A-286 changes density during aging. 
Figure 1 shows a bimetallic strip of A-286 spot 
welded to a strip of 19-9 DL. Though coefficients 
of expansion for these two materials are very 
nearly equal, the strip exhibits a permanent bow 
(with A-286 on the concave side) after aging. 
Measurements have shown that there is about 
0.6% change in density; consequently, allowances 
for about 0.001 in. per in. shrinkage during aging 


Table II — Elevated-Temperature Properties of Aged A-256 


peratures. Of course, high- SOLUTION 
er solution temperatures TeMPERATURE* 


TENSILE YIELD 
Test ELONGATION 


TEMPERATURE | STRENGTH | STRENGTH 


mean greater creep and 1650° F. 

rupture strengths though 1650 

ductility is sacrificed. Ta- 1650 

ble II lists elevated-tem- 1800 

perature test data. ie 
With a wide range of 


1000° F. 


1200 | 112,000 100,000 


1300 | 94,000 89,000 
1000 131,000 87,000 
1200 103,000 88,000 
1300 86,000 84,000 | 


| . | 
130,000 psi. | 98,000 psi. 


properties available from 
variations in heat treat- 
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*Solution treatment as indicated, oil quenched, aged 16 hr. at 1325° F., 
tested at indicated temperature. 
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are necessary. This phenomenon practically pro- 
hibits joining A-286 to any other material before 
heat treating. Furthermore, the shrinkage is not 
always uniform. Residual stresses from machin- 
ing or welding affect the direction and magnitude 
of shrinkage, and fixturing is often needed for 
parts being aged. A suitably designed fixture 
will allow some movement (because the density 
change in A-286 cannot be prevented) but will 
not permit distortion. In some instances, how- 
ever, minor distortion can be corrected by judi- 
cious fixturing. 

Carburization cannot be tolerated during heat 
treatment of A-286 because any extra carbon 


& 


Forming A-286 


The alloy can be readily cold formed after 
solution treating when the hardness is below 
Rockwell B-90. However, it work hardens 
rapidly, and stress-relieving or annealing at 1650° 
F. (or higher) may be needed between stages of 
severe forming operations. Experience has 
shown forming characteristics to be similar to 
those of 19-9DL or Type 410 stainless alloys. 
Strain cracking has not been a problem, but a 
part should be stress-relieved after forming to 
prevent residual stresses from causing trouble 
later on. 

As with many other materials, a problem may 


Fig. 1 — Bimetallic Strips of A-286 Spot Welded to 19-9 DL Be- 
fore and After Heat Treatment. Though both materials have 
nearly the same expansion coefficients, density change in A-286 
during aging causes strip to bend. Because of this, it is nearly 
impossible to weld A-286 to another metal before heat treatment 


effectively reduces free titanium in the alloy. 
Satisfactory atmospheres include a lean exo- 
thermic gas and an endothermic gas with low 
carbon potential. Although neither will pre- 
vent the formation of a thin, adherent oxide film, 
both gases have been found to inhibit scaling 
during solution treatment. 

Assemblies can be solution treated and aged 
after welding. Although quenching in oil (after 
solution treatment) is recommended for heavy 
sections, experience has shown that most sheet 
metal and light forging assemblies can be fan- 
cooled satisfactorily. Quenching distortion then 
rarely becomes a problem. If fixturing is used, 
it is generally restricted to the aging operation 
alone. 
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arise in forming when a critical amount of cold 
working results in the formation of large grains 
during subsequent annealing or solution treat- 
ment. Coarse and irregular grain size in A-286 
may seriously affect its ductility and other prop- 
erties. Though this effect appears to be neg- 
ligible if the material is solution treated at 1650° 
F., treatment at 1800°F. may be needed for 
better creep and rupture strengths. 

It is difficult to determine “critical” reductions 
in forming except by experience. (As a compari- 
son, it ranges around 5 to 10% in rolling.) If 
trouble is experienced, the most practical solution 
lies in more frequent heating stages during 
forming so as to stay below the critical range in 
reduction between annealing operations. 
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Fig. 2 — Two Designs for 
Jet Engine Turbine 
Frame. One (top) is 
extensively welded; the 
other (bottom) is the 
latest design change in- 
tended to eliminate most 
welds. In it, castings 
are bolted to the frame 


Machining A-286 


Since it is much like an austenitic alloy that 
work hardens rapidly, A-286 can offer much 
difficulty in machining. It is slower to machine 
than the 300 series of stainless steels, but with 
proper equipment and techniques it can be 
machined in both solution-treated and aged con- 
ditions. Metal can be removed more rapidly 
from aged, partially aged, overaged, or cold 
worked material. Carbide tool bits with a 7° 
positive rake have successfully cut solution- 
treated A-286 to depths of 0.010 in. (or more) at 
about 100 sfm. After aging, speeds about double 
this have been used for deeper cuts, using a slight 
negative rake. End mills of Type T-15 high 
speed steel are effective for milling. 
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Welding A-286 


The alloy is difficult to weld and certain pre- 
cautions must be exercised. A partial list of ideal 
conditions for fusion welding would include: 

1. Stress-free solution-treated sections. 

2. Absolute cleanliness of joint area. 

3. Perfect metal-to-metal fit at joints. 

4. Fixtures with inert gas back-up to hold 
sections in perfect alignment. 

5. Joints designed to facilitate use of auto- 
matic equipment. 

6. “Starts” and “stops” reduced to a minimum. 

7. Joint areas separated to keep weld areas 
apart. 

8. Similar thickness and mass of metal on 
either side of joint. 
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The ideal fusion weld would also show little 
or no crown, no cracks, would be narrow, sound 
and free from inclusions, and have the same prop- 
erties as the parent metal. 

Obviously, neither completely ideal conditions 
nor ideal welds are practical. However, A-286 
has been successfully welded through attention 
to details and attempting to attain ideal condi- 
tions. Welds have been made with A-286 wire 
or Hastelloy W wire with automatic and manual 
heliare methods. Metallic arc electrodes (16-25-6) 
ave also been used. Joints made with automatic 
heliare and Hastelloy W wire have shown the 
least amount of defects. This filler material is 
also preferred by operators for manual heliarc 
welding, and weld quality has been superior to 
that made with A-286 wire. Tests at tempera- 
tures up to and including 1000° F. have shown 
that strengths of welds made with Hastelloy W 
filler wire are equivalent to those made with 
A-286 filler. 

When cracks occur, they lie in the weld and 
immediately adjacent to the weld. Most of the 
defects occur after welding and before heat treat- 
ment. It appears that there is a hot-short range; 
because of it, cooling stresses are sometimes 
relieved by the material cracking rather than 
deforming. Hastelloy W filler metal also may be 
helpful in correcting this condition. 

Because welding is such a problem, much effort 
goes toward its elimination. To illustrate, Fig. 2 
shows two turbine frames which are apparently 
identical. One is extensively welded; the other 
is redesigned so that castings can be used. This 
is the latest design of the J-79 turbine frame. 
Castings are bolted to the flanges; this eliminates 
many of the weld joints that could give unsatis- 
factory fatigue life. 

Though aged or fully hardened A-286 can be 
welded, this procedure is recommended only for 
minor repairs or short welds in low-stress areas. 
This is because aged material is more difficult to 
weld. 

Resistance welded joints are readily made with 
A-286. As in fusion welding, sections must be 
stress-free and fit properly. Most experience has 
been gained in welding solution-treated sections. 
Weldments are then heat treated. Tests on spot 
welds made after heat treatment show lower 
strengths. Double shear tension tests on spot 
welded coupons gave values of about 60,000 psi. 
shear, based on nugget area, when welded after 
heat treatment. This figure compares with about 
86,000 psi. for samples which were welded be- 
fore heat treatment. The alloy has also been 
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successfully joined to other high-temperature 
materials by resistance welding. 


Handling and Cleaning A-286 


With few exceptions, most of which have been 
mentioned, general shop practices and handling 
conditions that apply to stainless alloys apply to 
A-286. Storage conditions are not critical, and 
sheet is transported and sheared in much the 
same manner as similar material. 

As in many other precipitation hardening 
alloys, aged A-286 is susceptible to intergranular 
attack by pickling solutions strong enough to 
remove scale. Solution-treated material has been 
descaled by a three-stage treatment. First, the 
part is oxidized in a salt bath at 900° F. This is 
followed by a 5-min. dip in 20% sulphuric acid 
which neutralizes the caustic salt. A 20-min. 
descaling in 35 to 40% HNO; + 4% HF at room 
temperature concludes the treatment. Thorough 
cleaning before heat treatment facilitates scale 
removal afterwards. In many instances, descal- 
ing may not be necessary or can be carried out 
mechanically. 


Conclusion and Comments 


It should be pointed out that the experiences 
listed and recommendations made here are re- 
sults of the methods used or developed at Ryan 
Aeronautical Co. in fabricating A-286 jet engine 
components. There are, without question, many 
other methods of fabrication, techniques, and 
know-how that are as good or better than those 
discussed. It is hoped that this paper will stimu- 
late discussion and other contributions to the 
field of fabrication of high-temperature materials. 

It would not be right to leave the subject with- 
out a few comments on the future of A-286. Ex- 
perience indicates it to be a “proven” alloy — 
well past the “test flight” stage. It may be the 
next skin material for high-mach planes or for 
missiles. Its use in jet engines will, no doubt, be 
expanded. Brazed or welded lightweight struc- 
ture, such as honeycomb or “Mini-Wate”, may 
incorporate A-286. Its properties look interesting 
for application in the cryogenic field. 

With these applications and other future uses 
for the material must come more data on prop- 
erties and processes. Engineers need more data 
on compressive and shear properties at room and 
elevated temperatures. Missile designers need 
more data concerning extremely short-time 
properties. All this will help to complete the 
research, development, testing, fabrication and 
use cycle for alloy A-286. S$ 
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Furnace Trays Being Used in a Roller Hearth Furnace. This 
is a Holcroft furnace installed at Amplex Div., Chrysler Corp. 


Designing Trays for Roller Hearth Furnaces 


By GEORGE W. WARDWELL* 


The heat treating process and the configuration of the part 
to be treated are important in tray design. They largely determine 
the design features and the materials to be used for the tray. (W27p) 


Tooay, MANY MASS-PRODUCTION NEEDS are 
served by the roller hearth furnace. Used widely 
for heat treating because it can continuously 
process large volumes of work, this type of fur- 
nace has conveyer-type rolls throughout its 
length. They allow the work to move through 
the furnace at controlled speeds and with very 
little friction. 

Because high temperatures soften most of the 
work, the workpieces themselves cannot be al- 
lowed to rest directly on the rolls. Instead, they 
must be supported on a furnace tray. This item 
has to be strong enough to span the gap between 
the furnace rolls and resist the compressive force 
exerted by the workpieces it supports. 

Far more than accessories, trays are actually 


DECEMBER 1959 


the basic carriers in the handling system. Their 
design can substantially affect furnace capacity, 
thermal efficiency, processing time and pro- 
duction rates. If designed properly, trays can 
invariably increase efficiency and produce sub- 
stantial savings in operation. 

What, then, are some of the basic requirements 
for a strong, durable furnace tray? In essence, 
design and material are the important factors. 
Design features should be planned for the 
specific application, and the material should be 
chosen to fit the needs of the design. Balancing 
design requirements, some of which can be con- 
tradictory, is a problem not easily solved as this 
article will show. 

*Chief Engineer, Rolock Inc., Fairfield, Conn. 
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Weight and Operation Costs 


Weight is of prime importance. For efficient 
operation, it is obviously desirable to load a 
furnace as much as possible without endangering 
furnace structure. Since the tray goes through 
the identical heating and cooling cycles as the 
work it carries, the furnace is required to heat 
and cool both work and tray. Therefore, each 
pound of tray that goes through the furnace costs 
as much in furnace operation as does each pound 
of work. Trays that are more massive than 
necessary add to operational cost and lower 
efficiency. 


Strength and Weight 


Factors other than weight must be considered, 
of course. It must be kept in mind that the tray 
protects workpieces as they pass through the 
furnace, and keeps parts from falling between 
the rolls. The tray must also have enough 
strength to prevent a workpiece from deforming 
while it spans the distance between rolls. 

The strength to be incorporated in the tray’s 
design is decidedly related to the size and nature 
of the workpiece it is intended to carry. Spacing 
between the furnace rolls is also important. For 
example, consider a very large and massive work- 
piece whose length in the direction of travel 
exceeds the distance between the rolls. If it is 
also strong enough to resist sagging between the 
rolls, it can be adequately carried in a fairly light 
tray. Strength would be needed only to prevent 
the tray from being indented by the compressive 
force on the furnace rolls as it passed over them. 
In such an instance, tray members would be 
designed to present a broad surface to the fur- 
nace rolls. The section depth would not have to 
be great since there would not be any appreciable 
bending force. 

In another application, the load might consist 
of a multitude of small parts, such as a number of 
steel balls or shafts. While such items might be 
relatively light, over-all, they would exert a very 
substantial bending force on the span of the tray 
as it traveled between the centers of the furnace 
rolls. Here, the ability of the tray to resist bend- 
ing is more important than its ability to resist a 
compressive force on the rolls. To achieve this 
needed resistance to bending, trays should be 
built of members that are relatively thin in cross 
section, but deep in section. 

In tray design, it is most important to consider 
the cooling practices to be used in the applica- 
tion. Often, the tray is quenched (with its load, 
of course) in such mediums as quenching oil or 
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even cold water. Naturally, the bottom edge of 
the section enters first and begins to contract, 
while the top is still in a heated and expanded 
state. This subjects the entire section to severe 
internal stress.* 

Such stresses frequently result in cracking or 
in serious distortion of the metal in the tray. For 
this reason, trays are often designed of members 
that are uniform throughout in cross section. 
However, if the principle were followed to the 
letter, the tray would be built of parts that were 
heavier than actually required. This would add 
unnecessarily to the tray weight. 

Low heating and cooling factors can be in- 
cluded without sacrificing lightness by proper 
consideration of the load-carrying ability of the 
tray. Many times, this aim can be achieved by 
building all members extending in any one di- 
rection of the same cross section. Then, through 
uniform heating and cooling, internal stresses are 
eliminated in that direction. Another method for 
protecting the tray from this type of distortion is 
to assemble it with loose joints so that parts can 
move with respect to one another. However, this 
is difficult to achieve without sacrificing strength. 

A good example of a well-designed loose- 
jointed structure is the serpentine tray shown in 
Fig. 1. Its basic concept has been used in trays 
ranging from about 1.5 to 150 sq.ft. Also, for 
applications of this type (where load character- 
istics permit), pressure welded trays built of 
round rod are highly desirable. Round rods are 


*The size of the effect can best be illustrated by 
discussing a typical furnace tray alloy such as 
wrought Inconel (72% Ni, 15% Cr). Its expansion 
coefficient is 0.0000102 in. per in. per °F. When 
heated from room temperature to the 1600 to 1700° 
F. range, such a piece would expand about 3/16 in. 
for each foot of length. Slowly quenched in oil as 
described, this alloy would shrink an equal 3/16 in. 
per ft. The dimensional difference between the 
members that would occur could only be accommo- 
dated by bending, stretching, or compression of 
fibers. Equilibrium is restored by submersion of the 
entire section. This effect is, of course, correspond- 
ingly more severe with each additional foot of length. 


Fig. 1 —Serpentine Tray Showing Loose- 
Joint Construction. A tray of this type 
is designed to resist bending forces that 
can occur in the span between rollers 
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Fig. 2—Furnace Tray Built From Round 
Rods. Multiple layers give added strength 


free from thin leading edges that might quench 
too rapidly. Where adequate beam strength 
cannot be obtained with a single round rod, mul- 
tiple layers can be used (see Fig. 2). Again, thin 
leading edges are avoided. 


Carburization Is a Problem 


Gas carburizing is a familiar heat treating 
process which can also be performed in a roller 
hearth furnace. Again, trays must be used. For 
this application, however, they must withstand 
carburization as well as heating and cooling 
stresses. Carburizing can, during the tray’s first 
few trips through the furnace, improve the prop- 
erties of the tray alloy. However, subsequent 
and repeated trips can harden and embrittle the 
alloy, lessening its ability to withstand mechani- 
cal shock and other abuses. 

In such instances, it is again desirable to use 
round rods to build the tray. Since carbon pene- 
trates inward, its detrimental effect is not fully 
felt until it reaches the core. The greater 
distance from surface to core provided by the 
round rod section makes complete penetration 
more difficult than in a rectangular section of the 
same total volume. 

Pressure welding is also highly desirable with 
this type of environment. In other welding pro- 
cedures, weld metal must be added to the joint. 
It is difficult to provide a completely continuous 
metal structure free from crevices into which 
carbon might penetrate. 


Proper Materials Are Essential 


When subjected to furnace conditions, many 
initially strong materials fail rapidly. Subse- 
quent losses of strength and ductility may serious- 
ly impair the operating life of the equipment. 
Other materials become extremely brittle when 
heated. This impairs their ability to withstand 
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shocks resulting from the rough handling usually 
encountered in most heat treating processes. 

In general, the ability to retain good ductility 
is the most important property for a furnace tray 
material. Though strength is also very impor- 
tant, it will not itself insure successful tray 
operation and satisfactory life. If a brittle, glass- 
like structure develops, it may not only cause 
rapid break-up of the tray, but make it impos- 
sible to repair. However, repairs to a tray are 
possible if the material is still ductile. Routine 
maintenance also contributes greatly to tray life. 
Wrought materials, by their nature, impose no 
limitations of thinness or thickness. This allows 
the designer freedom to exercise his best judg- 
ment in regard to the assembly of parts and the 
proportion of parts best suited to the particular 
application. 

Wrought material for trays should have a fine 
to medium grain size and a normal carbon con- 
tent of 0.06%. For use up to 1800° F., a ratio of 
about 33% Ni and 21% Cr (we use Incoloy) is 
highly recommended. When trays are to be used 
at higher temperatures, nickel should be in- 
creased to about 72%. Inconel is used for this 
application. 

Chromium provides a tightly adhering, close- 
knit scale on the surface of the metal. This scale 
protects the part from oxygen, carbon or any 
other elements that might enter and harm the 
alloy. Nickel is used for toughness and strength 
at high temperatures. 

Also important, the designer must be sure the 
supply source is reliable, and that the material 
supplied is consistently uniform throughout. 
Variation in grain size and carbon content, par- 
ticularly, may cause excessive cracking and 
break-up of an alloy in service, or give confusing 
results in its performance. This can result in 
failure of a design which would otherwise have 
been perfectly satisfactory. 

To sum up, in designing the lightest possible 
tray for a given type of operation, the designer 
must make a well-balanced compromise. His 
decision should rest between the section which 
can best carry the load and the section which can 
best resist the effects of quenching, carburizing, 
or other environments that might affect mechani- 
cal configuration. He must also determine the 
proper material for the tray. The result should 
always combine the elements of good design to 
achieve a proper balance between initial cost, 
tray life, and tray weight to insure the maximum 
in efficient, economical operation. ) 
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Solid-Fuel Rocket Chambers 


240,000 Pst. and Above—II 


By M. E. SHANK, C. E. SPAETH, 


When a rocket chamber failed unexpectedly during a hydrostatic test, 


V. W. COOKE and J. E. COYNE* 


an intensive investigation was launched. Water used in hydrostatic testing 
proved to be responsible, causing delayed, hydrogen-induced fracture. 

In the end, this extensive work showed that solid-fuel rocket cases 

with tangential stresses of 240,000 psi. are practical. 

Stresses of 260,000 psi. appear possible if small plastic strains 


Desicx AND CONSTRUCTION of solid-fuel 
rocket chambers to operate at 240,000 psi. tan- 
gential stress is not simple, as last month’s article 
showed. To summarize, awkward details of de- 
sign were entirely eliminated. The full-size 
chamber, 40 in. in diameter and 6 ft. long, was 
made from H-11 vacuum melted steel without 
longitudinal seams. On hydrostatic testing, one 
full-scale vessel failed (with the fracture origin in 
parent metal) at a stress lower than it had pre- 
viously withstood. Preliminary investigation (see 
last month’s article) seemed to indicate that de- 
layed failure, induced by hydrogen, was respon- 
sible. To substantiate this, much additional work 
was required, It is described here. 


The Effect of Hydrogen in Steel 


At this point it would be well to discuss some 
of the recent research work that has been carried 
on concerning the nature of hydrogen embrittle- 
ment, cracking, and delayed failure in steel. 
Some of the most significant has been carried out 
by Troiano and his co-workers and by Sachs.t 
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can be tolerated. (Q26, T2p; SGA-h, TS, i) 


No complete review will be attempted here, 
but pertinent theoretical and experimental de- 
velopments will be briefly covered. 

If specimens containing small amounts of hy- 
drogen in solution are tested by conventional 
methods, they may display the normal properties 
of strength and ductility. Yet, delayed failure in 
the same material will occur under long-time 
loading in the presence of a stress concentration. 
Moreover, the fracture strain of such material is 
reduced. The effects of hydrogen embrittlement 
are known to decrease with increasing strain 
rates, and will also decrease and finally disappear 
as lower and lower testing temperatures are em- 


*Dr. Shank is associate professor of mechanical 
engineering, Massachusetts Institute of Technology, 
Cambridge, Mass. The others are associated with 
Pratt & Whitney Aircraft. Mr. Spaeth is senior 
design engineer, Mr. Cooke is supervisor, Materials 
Development Laboratory, and Mr. Coyne is project 
metallurgist, Materials Development Laboratory. 
This is the second article in a series of two. The first 
appeared last month. 

tLast month’s article contains all references. 
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It has been discovered that there 
is an incubation time for crack ini- 
tiation. This incubation is relatively 
insensitive to applied stress level and is 
longer for lower temperatures, other 
conditions being equal. Features of 
the delayed failure curves and incuba- 
tion time are shown in Fig. 9.* 
Troiano has hypothesized, and sup- 
ported by experimental evidence, that 
it is hydrogen in solution and not hy- 
drogen occluded in internal voids that 
is damaging. This is shown by the 
fact that pre-cracking of a specimen 
raises the static fatigue limit by cre- 
ating voids that act as hydrogen traps. 
This decreases the amount of hydro- 
gen available for solution and diffusion 
in the lattice. It has been further 
demonstrated that under stress in the 
presence of a stress concentration 
(such as a notch or void) hydrogen will 
diffuse to the point of maximum 
triaxiality of stress. Thus, the process 
involved is not one of classical dif- 
fusion, but rather diffusion in the 
presence of a stress gradient. For a 
sharply notched specimen the point of 
maximum triaxiality lies close to the 


Fig. 9— Static Fatigue Curves for Hydrogenated 
High-Strength Steel Specimens Tested at Various 
Temperatures. The specimens were cylindrical and 
contained sharp notches. The material was A.LS.1. 
4340 aircraft quality steel heat treated to a smooth 


surface near the root of the notch. 
For rounded notches the point of 
maximum triaxiality of stress lies in- 
creasingly away from the surface of 


tensile strength of 230,000 psi. After 


ployed. Austenitic steels are to all practical pur- 
poses immune from hydrogen embrittlement. It 
has been found in ferritic steels that retained 
austenite is not a factor. Delayed failure will 
occur in ferritic steels in the absence of retained 
austenite. 

If the delayed failure tests are performed for 
a steel of given tensile strength (as measured in 
smooth specimens) with fixed concentration of 
hydrogen in solution and fixed notch acuity of 
the test specimen, three characteristics are re- 
vealed. First, there is an upper stress level cor- 
responding to the notch tensile strength of the 
material for short-time loading. Second, there is 
a static fatigue or lower limit of stress below 
which failure will not occur in any length of time. 
Third, there is an intermediate range of stress 
over which point delayed failure takes place. 
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Troiano 


the stress concentration. After the 
incubation period, the crack starts at 
this point, and propagates both out- 
ward to the surface of the stress concentration 
and inward (see Fig. 10). This occurs whether 
the triaxial stress state is elastic or plastic, but 
the latter instance is more damaging. 

Troiano has shown that the activation energy 
for the incubation process is 7610 cal. per mole. 
This is in fair agreement with the activation 
energy of 8900 cal. per mole for the diffusion of 
hydrogen in alpha iron. Thus it seems that the 
incubation period is controlled by the rate of the 
stress-induced diffusion of hydrogen. Since the 
incubation period is diffusion controlled, it is 
reversible. Thus by alternately stressing for a 
time less than the normal incubation period, and 
following by aging for relatively long periods of 
time, integrated incubation periods from two to 


* Numbering of figures is continuous with last 
month’s article. 
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four times the normal period can be obtained 
before crack initiation occurs in a specimen. 

After the crack is started, its growth is discon- 
tinuous. Further crack growth must await dif- 
fusion of hydrogen to the new region of 
maximum triaxiality of stress beyond the crack 
tip. The process is repeated until a crack length 
is reached which is critical with respect to the 
gross structure. Failure then occurs. 

Thus, the time for delayed failure is a func- 
tion of stress level, notch acuity, hydrogen con- 
centration, and temperature. Distribution of 
hydrogen from point to point in the material is 
also important. Consider, for instance, two speci- 
mens of the same material with equal stress 
concentrations and containing the same amounts 
of hydrogen. One specimen has been left in the 
as-charged condition so that there is a heavy 
concentration of hydrogen at the surface near 
the notch root, and little if any hydrogen away 
from the surface. The second specimen has been 
baked to distribute the hydrogen evenly through- 
out the section. Then, for equal stress levels, 
delayed failure will occur at a shorter time in the 
baked specimen. This is because the distribution 
of hydrogen is fairly even in the baked specimen. 
It does not have to diffuse very far to concentrate 
in the triaxially stressed region at the tip of a 
stress concentration, no matter where this stress 
concentration may be. As the crack grows, hy- 
drogen is always distributed ahead of it. In the 


Fig. 10 — Cracks Observed by Troiano in Notched 
Specimens Sectioned After Static Loading. Speci- 
mens had been hydrogenated, cadmium plated, 
and baked at 300° F. for 12 hr. (left) and % hr. 
(right). Applied stress, 240,000 psi. (left) and 
225,000 psi. (right). Longitudinal section. 100 x. 
In the sharply notched specimen (radius — 0.001 
in.) the area of maximum triaxiality lies close 
to the notch surface and the initial crack forms 
here. In the rounded notch (radius — 0.01 in.) the 
area of maximum triaxiality is further from the 
crack. The cracks then travel outward to the sur- 
face and inward to the interior of the specimen. 
Left is Fig. 7 reproduced from November issue 


unbaked specimen, however, the crack will soon 
progress beyond the area of high hydrogen con- 
centration. For it to progress further, hydrogen 
must diffuse from the surface inward toward the 
tip of the crack. This takes a longer time. 


Water as a Cause of Failure 


In the light of the theory and the supporting 
experimental evidence, failures of the miniature 
test vessels and of the full-size missile casing 
were re-evaluated. All of the subsize test vessels 
which displayed no weld or other defects had 
failed in the parent metal at high stress levels, 
two being well above 300,000 psi. In every 
instance failure began in the parent metal on 
the inside exposed to the water. 

The full-scale vessel which had failed had a 
more complicated history. However, it was 
again certain that no weld or other normal struc- 
tural defect had played a part in the failure. It 
had clearly originated in the parent metal from a 
spot on the inside surface of the vessel where a 
flow-turning defect had been ground away. 
There had been clear evidence of pitting cor- 
rosion. Considering what is known about the 
effect of hydrogen, the features of Fig. 7 (repro- 
duced above, left ) assume particular significance. 
The right-hand pit has two cracks radiating from 
it. One crack extends into the pit. However, 
the portion of this crack that is most widely 
opened is somewhat removed from the pit sur- 
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face. The portion of the crack that extends into 
the pit surface is discontinuous and rather nar- 
row. Just below this pit there is another crack 
which does not open into the pit surface. In 
Fig. 7 this crack is seen to be separated from the 
pit by about 0.005 in. The features described are 
typical of the pitted regions in the large fractured 
casing. They are also very similar to Fig. 10, 
from the work of Troiano. 

One other general feature of importance is 
noted. The ground or repaired areas were com- 
paratively free of .any oxide scale. The re- 
mainder of the vessel interior had a fairly well- 
developed, if rather thin, oxide scale. 

In view of the foregoing, it was hypothesized 
that galvanic action leading to local hydrogen 
charging had been important in the failures origi- 
nating in parent metal in both the test vessels and 
the full-size casing. In the full-size casing, the 
anodic areas had obviously been the pits at the 
four spots repaired by grinding. 

The cathode consisted of at least the remaining 
area of the ground spots. It does not seem likely 
that the entire interior surface (comprising about 
70 sq.ft) acted as cathode in room-temperature 
tests. Because of the small total area of the pits, 
the ratio of cathode to anode area is high. The 
current density at the anode would therefore be 
relatively high. In the cathode area, current 
density would be greatest in the region imme- 
diately surrounding the anodes. Here hydrogen 
would be released and would diffuse into the 
steel. The pitted areas provided points of stress 
concentration. The maximum elastic stress con- 
centration factor for a circular hole in a plate is 
2.5 in a biaxial stress field such as exists in the 
present cylindrical tank. Just adjacent to the 
surfaces of the pits would be the maximum re- 
gions of triaxiality of stress. The hydrogen 
charged in the steel by galvanic action would 
diffuse to these regions. 

Ordinarily such a galvanic reaction does not 
produce very much hydrogen. Thus the general 
level of hydrogen could be very small but the 
local hydrogen concentration around the pits 
might be very high indeed. A very small volume 
of material is involved. With continued testing, 
cracks could grow in size from the point of maxi- 
mum triaxiality bordering the pits. Finally they 
will reach the pits, and also travel away from the 
pits. When a crack length of sufficient size is 
attained, gross catastrophic failure will occur. 

In the small test vessels, the same mechanism 
could occur in hydrostatic testing with water. 
Here the anode would be the material in the 
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Table I — Subsize Vessels Burst-Tested in 
Delayed Failure* 


No. 14—No Prorecrtion 
Sustained load: 
201,500 psi., 60 min. 
224,000 psi., 53 min. 
Tangential bursting strength — 224,000 psi. 


No. 15—No Protection 

Sustained load: 

275,000 psi., 1 sec. 

206,000 psi., 5 min. 

252,000 psi., 5 min. 

172,000 psi., 180 min. 

172,000 psi., 420 min. 

229,000 psi., 420 min. 

252,000 psi., 16 min. 
Tangential bursting strength — 252,000 psi. 


No. 16—No Protection 
Sustained load: 
235,000 psi., 840 min. 
256,000 psi., 135 min. 
Tangential bursting strength — 256,000 psi. 


No. 21—Insipe Coatep Primer 
Sustained load: 

241,000 psi., 810 min. 
Then depressurized; water left in. 

262,000 psi., 1 min. 
Tangential bursting strength — 262,000 psi. 


No. 22—Insipe Coatep Heresite Primer, 
SUBMERGED IN WATER BATH 
Sustained load: 
218,000 psi., 870 min. 
Then depressurized; water left in. 
240,000 psi., 75 min. 
Tangential bursting strength — 240,000 psi. 


No. 23—Insiwe AND Outsipe Coatep Wi1TH HERESITE 
PRIMER 
Tempered in Vacuum to Reduce Hydrogen 

Sustained load: 

4 cycles of 3 min. each to 264,000 psi. 

264,000 psi., 585 min. t 
Rest for 57.4 hr.; water drained. 

264,000 psi., 870 min. t 
Rest for 14.25 hr.; water drained. 

264,000 psi., 240 min. t 

275,000 psi., 345 min. f 
Rest for 8.75 hr.; water drained. 

275,000 psi., 135 min. tf 
Rest for 8.0 hr. 

275,000 psi., 435 min., then pressure increased hourly 
in steps over 810 min. Failure at 318,000 psi., 
after 45 min. Pressurized with oil. 

Tangential bursting strength — 318,000 psi. 


*Initial stock (all H-l1, air melted) contained 1.3 
ppm. of hydrogen prior to fabrication. 
{Vessel immersed in water. 


vicinity of origin of failure. The interior area in 
these vessels would be about 6 sq.ft. 
A program of investigation to support or refute 
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Fig. 11— Fracture surfaces of subsize vessels. 
(Loft) No. 14, 24 x. (Center) — vessel 
No, 15, 22 x. (Right) — vessel No. 16, 22 x. All 


were pressurized with water. Fractures originated 


the hypothesis was immediately launched. It 
was known that the presence of high mineral 
content or of phosphides, sulphides, or acids in 
the water would increase its electrolytic activity. 
This was checked, and results were negative. 
Temperature is also important, hot water being 
a better electrolyte than cold water. The second 
series of tests in the large vessel had been per- 
formed at 360° F., with hot glycerine which con- 
tained some water. It seems only likely that any 
hydrogen charged into the vessel at that time 
would have been diffused away from the pitted 
areas long before the final series of tests, which 
took place three months later. However, the 
corrosion which served as the source of final 
failure may have been initiated in these high- 
temperature tests. The pits, if so developed, 
would serve to center future corrosion at the 
same location in the final series of tests at room 
temperature. This, of course, cannot be proved, 
but it seems logical. 

Six subsized vessels, exactly like those pre- 
viously employed, were manufactured for test- 
ing. Again, the material was H-11 analysis, but 
air-melted stock. The hydrogen content was 
1.3+0.1 ppm. before fabrication of the small 
vessels. Heat treat and fabrication procedures 
were as used in the large casing. 

Hydrostatic tests (with water as the pressuriz- 
ing fluid) were run on each of these vessels. De- 
tails are summarized in Table I. The first vessel, 
No. 14, was stressed tangentially at the thinnest 
section of the wall to 201,500 psi. for 60 min. and 
224,000 psi. for 53 min., at the end of which time 
it fractured. The origin of failure was parent 
metal on the inside cylindrical surface about 114 
in. from the central girth weld. Examination of 
the origin showed a dark area which extended 
into the thickness of the material about one- 
quarter of its thickness, or roughly about 0.010 in. 
Chevron markings were developed away from the 
point of origin, and a shear lip was present every- 
where except at the point of origin. The frac- 
ture is shown in Fig. 11 at left. The darker area 
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in parent metal on inside surfaces. In each in- 
stance there is at the immediate origin (arrows) « 
dark area, indicative of hydrogen induced frac- 
ture. Note absence of shear lip at fracture origins 


at the origin is typical of , hydrogen-initiated 
failures. It is darker because the area affected 
by hydrogen-induced crack propagation has a 
finer texture than the surrounding fracture area 
which propagates at high velocity. 

The second vessel in the series, No. 15, was 
loaded seven successive times at different stress 
levels. The initial loading was to 275,000 psi. 
tangential stress. Following this, it was held to 
206,000 psi. for 5 min. In successive tests stress 
was varied for different times. It was held 420 
min. at 229,000 psi. and fractured after 16 min. 
at 252,000 psi. The fracture surface is shown in 
Fig. 11 (center). Fracture started in parent metal 
some distance from the welded joint. Again, the 
dark area typical of hydrogen-induced fracture 
was present. 

A third vessel, No. 16, carried a sustained tan- 
gential wall stress of 235,000 psi. for 840 min. 
Following this, it was loaded to 256,000 psi. 
tangential wall stress for 135 min. whereupon it 
fractured. Again, the origin of fracture was in 
the parent metal about 14% in. from the circum- 
ferential weld. As shown in Fig. 11 (right), there 
was a dark area at the origin, indicating fracture 
originating from hydrogen. 

The next vessel to be tested, No. 21, was coated 
inside with Ochre Heresite primer (A.M.S. 3108) 
to protect it from electrolytic attack by the water. 
It sustained a maximum tangential stress of 241,- 
000 psi. in the cylindrical portion for 810 min. 
Following this it carried a stress of 262,000 psi. 
for 1 min. before failing. Fracture began in 
parent metal under the inside surface about 1% 
in. from a weld. The area containing the origin 
of fracture was badly bulged (see Fig. 12). It 
will be noted that there is no discolored area at 
the origin of fracture. In fact, the fracture origin 
has a shear lip running alongside it, indicating 
that fracture must have initiated beneath the 
surface, probably at some sort of inclusion. The 
material contained 3.2 ppm. hydrogen. Exam- 
ination of the inside surface showed that the 
paint coating was only of fair quality so far as 
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Fig. 12 — Fracture of Test Vessel No. 21. It had 
been coated with primer on the inside to prevent 
contact with water. This had been subjected to 
sustained loading and fractured at a stress of 
262,000 psi. The origin of the fracture was in 
parent metal under the inside surface about 1% 
in. from the nearest weld. There is no discolored 
area at the origin of fracture. Shear lip is 
seen along both edges of the fractured surface, 
even at the origin. There is no discolored 
area indicative of hydrogen induced failure. 10 x 


coverage was concerned. There were numerous 
intermittent areas which were free of paint, hav- 
ing been apparently inadequately cleaned prior 
to paint application. Though some areas were 
exposed to water inside the vessel, it would seem 
that there was enough paint coverage so that 
only a small amount of potentially cathodic area 
was available. This undoubtedly prevented any 
substantial degree of electrolytic action and 
charging by hydrogen. Subsequent check 
showed the hardness to be Rockwell C-55. It 
had been inadvertently tempered at too low a 
temperature, probably 950 to 1000° F. All other 
vessels had a hardness of Rockwell C-50 to 51. 
This would indicate vessel No. 21 to have a 
higher tendency to crack initiation from me- 
chanical. causes such as inclusions. 

The fifth vessel in the series to be tested, No. 
22, was also coated on the inside with primer. 
However, the vessel itself was submerged in a 
water bath with the outside unprotected. It 
sustained a maximum tangential stress in the 
clyindrical portion of 218,000 psi. for 870 min. 
and of 240,000 psi. for 75 min., following which 
it fractured. The origin of fracture was in the 
parent metal 2% in. from the weld. It is of the 
greatest significance that the fracture originated 
on the outside of the vessel, which was sub- 
merged in water and unprotected. As shown in 
Fig. 13, there is the dark area typical of hydrogen- 
induced fracture at the origin. There is also a 
relatively smooth pit at the origin about 0.0025 in. 
deep. The average hydrogen content of the steel 
was found to be 2.0 ppm. 
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Fig. 13 — Fracture Surface of Test Vessel No. 22. 
This had been coated with primer on the inside 
and pressurized with water, while at the same 
time the outside surface was bathed in water. 
Failure was at 240,000 psi. maximum tangential 
stress after sustained loading. The origin of 
fracture was in parent metal at the outside, 
and displays the dark area typical of hydrogen 
induced fracture. There is also a pit. 16 » 


The final vessel in the series, No. 23, was 
coated both inside and outside with primer. It 
was cycled four times (3 min. each time) to 264,- 
000 psi. Water again was the pressurizing 
medium, and a water bath was outside. Follow- 
ing this, the vessel was held at 264,000 psi. for 
585 min. It was then tested at varying pressures 
and times as listed in Table I. Rest periods of 
varying times followed most tests. After this, the 
water was removed from both inside and outside 
and it was pressurized with oil. It was held at 


Fig. 14 — Fracture Surface of Test Vessel No. 23 
This had been coated inside and outside with 
primer, and stressed for a total of 2800 min. above 
264,000 psi. maximum tangential wall stress. It 
finally fractured at 318,000 psi. after 45 min. at 
this level. Initially, the vessel had been pres- 
surized with water, later with oil. Fracture of 
the vessel was mostly in sheer. There was no 
discolored area at the origin of fracture, indicating 
that it had not been hydrogen induced. 10 x 
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275,000 psi. for 435 min. Following this, the 
pressure was increased each hour in steps over 
a period of 810 min. Failure occurred at 318,000 
psi. after 45 min. at this stress level. The fracture 
surface is shown in Fig. 14. Interestingly enough, 
the mode of failure through the cylindrical sec- 
tion was largely shear, except for a small tensile 
progression at the failure origin. There was no 
evidence of a discolored area at the failure origin, 
indicating that the failure had not been hydrogen- 
induced (see Fig. 14). Vessel No. 23 had been 
tempered in vacuum to reduce the hydrogen 
content as much as possible. For some unex- 
plained reason, however, hydrogen analysis of 
the material indicated that it had a level of 9.6 
ppm., much higher than any of the other test 
vessels for which hydrogen analysis was taken, 
or of the large full-scale missile casing. 

That this relatively high hydrogen content in 
vessel No. 23 did not cause fracture is easily 
understandable when one considers the role of 
triaxiality in initiating such failure. The vessel, 
as any of the other vessels, was carefully made 
and free of stress concentrations. To initiate 
fracture, hydrogen must reach a very high level 
in a local area. This high level is reached in the 
presence of a stress concentration by the stress- 
induced diffusion of hydrogen to the area of 
maximum triaxiality of stress. If there is no such 
area, then the general level of hydrogen in the 
material must be very high indeed to bring about 
delayed failure. 

The results of the foregoing delayed failure 
tests are recapitulated in Fig. 15. Here the aver- 
age local stress level at the failure origin in each 
case is plotted against the time to fracture. The 
local stress level was determined on the basis of 
the thickness of material at the fracture origin. 
The vessels had a slightly uneven thickness in the 
cylindrical portion. The fracture origin in no 
instance occurred at the thinnest section. It is 
the maximum tangential stresses at the point of 
thinnest section that are reported in Table I. 
Because of this difference the stresses in Fig. 15 
are slightly lower than those appearing in Table 
I. The fact that the fracture origin in the small 
vessels was usually between 1 and 2 in. from the 
weld is indicative of secondary bending stresses 
caused by welding. The actual stress here may 
therefore be higher than is indicated by Fig. 15. 
No fracture began in a heat-affected zone. 

When this series of tests was completed, two 
full-size solid-fuel rocket casings, as shown in 
Fig. 1, were hydrostatically tested with oil. They 
were cycled four times from zero stress to a tan- 


gential stress level of 220,000 psi., being held 
3 min. in each cycle. They were then cycled four 
times to a stress level of 240,000 psi. and again 
held for 3 min. in each cycle. The vessels re- 
tained their integrity and subsequent detailed 


examination showed no damage. 
Discussion and Conclusions 


In the tests of the full-size and subsize vessels, 
two facts are clear. First, if a vessel is free of 
fabrication defects, failure can be induced at 
high tangential stresses in the parent metal away 
from weld areas and changes of contour, provid- 
ing the metal is not allowed to come in contact 
with an electrolytic solution. This is seen in test 
vessels No. 21 and 23, protected from electro- 
lytic action. The stress levels at which they 
failed were higher than any of those in vessels 
which were exposed to water during testing. 
Second, it is possible to transfer the origin of the 
fracture from the inside to the outside surface, as 
in vessel No. 22, by protecting the inside and ex- 
posing the outside to an electrolytic solution, 
even though it be a weak electrolyte such as tap 
water. This argument is reinforced by the ap- 
pearance of the fracture origins. In the vessels 
exposed to an electrolyte, the origins showed the 
local darkening typical of hydrogen-induced 
failures. In the protected vessels, there was no 
evidence of this. 

It is interesting to compare the time required 
for failure in the large tank with failure times 
for the smaller, unprotected tanks. In its last 
series of tests prior to fracture the large tank con- 
tained water for 55 min. Of this time, only 6 min. 
was at stresses above 154,000 psi. The smaller 
unprotected tanks, however, were under maxi- 
mum tangential stresses of 200,000 psi. or higher 
for continuous periods ranging from 113 min. to 
hundreds of minutes. This would imply that the 
failure times were in some way affected by the 
surface area exposed to water, or the volume of 
water present. An attempt was made to repro- 
duce a hydrogen-induced failure on a simple 
tensile specimen of H-11 steel submerged in 
water. To assist matters, a spot at the center of 
the gage length was ground with a rubber wheel. 
No fracture occurred, even after several days. 

The mechanism of the hydrogen charging is 
not fully understood. Normally, liberated hy- 
drogen is not driven into steel at room tem- 
perature. Perhaps the high stress, in conjunction 
with some chemical effect originating from the 
steel itself may be responsible. Another specu- 
lation is that the high elastic distortion of the 
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Fig. 15 — Résumé of De- 


layed Failure Test Re- a6 
sults. The graph shows the | 


tv 


local stress level at the | 
origin of failure, plotted © 
against the time to de layed 
failure. Stress levels here ' 
indicated are slightly 
lower than those shown 
in Table I because the test 
vessel never failed at the 
thinnest section. Repeated 
use of the same symbol 
signifies repeated test 
of the vessel. Arrow sig- 
nifies vessel did not fail 
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crystal lattice may promote solution of hydrogen. 
Further inv estigation is necessary. 

Comparison of maximum tangential stresses 
at the thinnest section in Table I and the local 
average stresses at fracture origins in Fig. 15 
shows that the failure always originated in an 
area of lesser average stress, whether or not 
electrolytic action was involved. It would be 
extremely difficult, if not impossible, to pinpoint 
a particular inclusion which triggered the frac- 
ture of the protected vessels, No. 21 and 23 

In the instance of protected vessel No. 21, after 
sustaining 241,000 psi. for 810 min., being de- 
pressurized and reloaded to 262,000, it failed in 
1 min. Failure accompanied by mechanical 
delay is possible in non-work hardening mate- 
rials below the yield point in torsion. In that 
event, fracture will begin and progress a finite 
amount from a crack when a critical value of 
plastic strain is reached. The resulting crack 
may then stop until the average stress is raised, 
whereupon it will progress further. When the 
crack length finally reaches a critical value with 
respect to the gross structure, failure occurs. 
The process will take time, and times of the order 
of seconds to minutes seem about correct. 

In the present situation, matters are vastly 
more complicated. The test vessels are stressed 
well above the yield point, and the material work 
hardens. However, a qualitatively similar mech- 
anism can be imagined. Perhaps some inclusion 
breaks away from the matrix, initiating a stress 
concentration. There would then be growth of 
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the crack over a short time, followed by gross 
fracture. If such is actually true, vacuum melted 
stock is obviously needed for reasons of cleanli- 
ness. This is amply supported by the work of 
Brown and others.* The fact that vessel No. 21 
was 4 or 5 points harder on the Rockwell C-scale 
than it should have been accounts for its lower 
stress at fracture. 

In rocket casings an extremely useful piece 
of information is the critical crack depth neces- 
sary to trigger a failure. The size of the dark- 
ened areas in the hydrogen-induced failures of 
the unprotected vessels indicates the approxi- 
mate size of such cracks. Figures 11 and 13 
show this to be roughly about 0.010 in. This 
cannot be checked in the protected vessels since 
there is no difference in texture of the fractured 
surface between the origin and other areas. 
However, it seems obvious that, if casing failures 
are to be prevented, defects of the order of 0.010 
in. or larger must be eliminated. This estimate is 
substantiated by the inset of Fig. 8 (of the pre- 
vious article) which illustrates a flow-turning 
defect left in the unrepaired state in the full-size 
casing. It extends into the vessel wall about 
0.006 in. This and others like it played no part 
in the fracture. They were, of course, surrounded 
by a deliberately decarburized layer, which 
undoubtedly helped render them harmless. 


*Preliminary Report on Sharp Notch and Smooth 
Tensile Characteristics for a Number of Ultra-High- 
Strength Steel Sheet Alloys”, by G. B. Espey, M. H. 
Jones and W. F. Brown, Jr., A.S.T.M. Preprint, 1959, 
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The problem of statistical reliability should be 
mentioned. This is continually raised by makers 
of tanks who have produced relatively large 
numbers of them with a greater proportion of 
failure than can be tolerated. If the failures are 
of the type described by G. R. Irwin*, it is 
the opinion of these authors that marked im- 
provement in fabrication and design is needed. 
When failures repeatedly can be made to occur 
in test vessels in parent metal (without galvanic 
action), the statistics become meaningful. In the 
present investigation, it cannot be claimed that a 
sample of six subsize vessels and three full-scale 
vessels is a large one. However, the sample be- 
comes meaningful when in each instance of 
fracture the cause of failure can be traced, 
especially when fabrication flaws play no part. 

Based on the evidence here presented, it is the 
authors’ belief that the fabrication of large-scale 
solid-fuel rocket casings to operate at a tangential 
stress level of 240,000 psi. is practical and feasible. 
Stress levels above this value appear to be pos- 
sible, perhaps approaching 260,000 psi. if plastic 
strains of the order of 1.5% can be tolerated. The 
question is an open one. 

Finally, a word must be said about design 
philosophy. Obviously, careful attention to de- 
tails of design, fabrication and choice of material 
is important. With critical crack lengths of 0.010 
in., no detail is unimportant. One must employ 
such practices as making bosses and skirts in- 
tegral with the main members of the missile 
casing and eliminating longitudinal seam welds. 
Admittedly, these measures are expensive; they 
do, however, insure integrity in service. 

A most important consideration of design 
philosophy concerns the “notch strength ratio”. 
This has been defined as the ratio of the strength 
of a sharply notched sheet tensile specimen to 
the strength of a smooth specimen. Data from 
Brown show that the tensile strength of a 
smooth specimen is increased by lowering the 
tempering temperature. However, the strength 
of a sharply notched specimen similarly heat 
treated first increases as the tempering tempera- 
ture is lowered. Then it decreases. It would be 
desirable to use only sheet alloys which had a 
notch strength ratio greater than 1.0. If, how- 
ever, sufficient care is used in design and fabri- 
cation (including elimination of defects greater 
than the critical crack length), it seems reason- 
able that alloys can be used which have been 
hardened to a strength level which will result in 


*Notes for meeting of ASTM Committee, New 
York, March 24, 1959. 
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a notch strength ratio of less than one. This was 
the situation in the present vessels. With alloys 
now available, high operating stress levels will 
not be obtained any other way. 

To summarize: 

1. The use of water for hydrostatic testing of 
solid-fuel rocket casings can cause premature 
hydrogen-induced failures in parent metal by 
electrolytic action. The exact mechanism of the 
hydrogen charging needs further study. This 
phenomenon becomes important when the qual- 
ity of construction is high so that failure does 
not originate in fabrication or design defects. 

2. Cleanest vacuum melted steel available is 
a necessity for high-performance casings. De- 
liberate decarburization to a depth of 0.005 in. 
helps prevent surface cracks from spreading. 

3. The critical crack length in H-11 vacuum 
melted material heat treated to 270,000 psi. is 
about 0.010 in. in the stress range of interest. 

4. The manufacture of  solid-fuel rocket 
casings to operate at 240,000 psi. is practical and 
feasible. Stress levels above this value appear 
possible, perhaps to 260,000 psi. if plastic strains 
of the order of 1.5% can be tolerated. This re- 
quires further investigation. 

5. With present alloys, it is necessary to design 
to notch strength ratios of less than 1.0 to secure 
minimum feasible weight. This requires best 
quality in design, fabrication and materials. 

Finally, it should be noted that philosophy of 
design and construction in the missile field, par- 
ticularly with solid-fuel rocket chambers, has 
been obscured in the past because missiles are 
single application structures. It has been 
presumed that the structure only had to last 
through one application and it was not very 
sensible to spend more than the minimum time 
necessary to fabricate it. It has become appar- 
ent, however, that if any solid-fuel rocket 
chamber is to be made well enough to preserve 
its integrity through one or a few stress applica- 
tions, it must be designed and constructed well 
enough to last through many stress applications 
and for much longer periods of time than it will 
be stressed in service. If it cannot do this, it will 
not work at all. This is not a new realization. It 
has been known in the aircraft propulsion field 
for many years and has been the philosophy used 
in the manufacture of turbojet engines. If mis- 
sile casings are to operate in a_ satisfactory 
manner, then in view of the extremely high stress 
levels that are necessary and the rewards for 
obtaining these stress levels, even higher stand- 
ards of quality are in order. i) 
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A project to study the feasibility 
of nuclear-powered aircraft (NEPA) 
was authorized by the Air Force in 
May of 1946; the contractor was 
Fairchild Engine & Airframe Co., 
and work was started at Oak Ridge. 
By the end of 1948, the Air Force 
had invested about $10 million in the 
project, and the so-called Lexington 
report, prepared by Massachusetts 
Institute of Technology, predicted 
that nuclear-powered flight could be 
achieved in about 15 years. At the 
end of 1949 the Atomic Energy 
Commission became an active part- 
ner and in February 1951 the two 
sponsors agreed on the general 
feasibility of the project, closed 
NEPA and started the ANP (Air- 
craft Nuclear Propulsion) project to 
“develop a strategic weapons system 
which would eliminate the limita- 
tions of conventional power plants 
as to range and endurance”. Gen- 
eral Electric Co. at Evendale, Cin- 
cinnati, was named as contractor to 
develop a  direct-cycle turbojet 
power plant, wherein the propulsive 
air is heated directly by drawing it 
through the reactor core. In Sep- 
tember 1955, Pratt & Whitney Air- 
craft Div. of United Aircraft Corp. 
was authorized to study an indirect 
cycle (where heat is transferred from 
reactor core to propellant gas by an 
intermediate fluid, liquid or gas) and 
Connecticut Aircraft Nuclear Engine 
Laboratory (CANEL) started work. 

Meanwhile the “flying test bed” 
program was canceled (May 1953) 
and efforts turned toward a series of 
high-temperature reactor experi- 
ments, which led the A.E.C. in 1955 
to report “progress exceeding expec- 
tations”. In 1956 two reactors were 
successfully tested at the National 
Reactor Testing Station in Idaho. 
Seemingly, however, these results 
were not sufficiently superior to 
what might be expected from con- 
ventional fuels to convince the mili- 
tary sponsors that work should be 
expedited so to achieve early flight. 


*Summarized from Report of the 
Congressional Joint Committee on 
Atomic Energy, dated September 
1959, entitled “Aircraft Nuclear Pro- 
pulsion Program”. 


Aircraft Nuclear Propulsion* 


Total expenditures to the end of 
fiscal 1959 are close to $850 million, 
with about $150 million more antici- 
pated for fiscal 1960. 

Little has been said publicly about 
this program. The A.E.C.’s semi- 
annual reports are confined to a few 
short lines. The Congressional Joint 
Committee has held 36 closed meet- 
ings on the program during the last 
11 years. The present report sum- 
marizes evidence presented in the 
first public session July 23, 1959 and 
says: “Over the years the ANP pro- 
gram has been handicapped by 
changes in policy and lack of objec- 
tives. While technical objectives 
have been generally met by the con- 
tractors, there are apparently no firm 
military requirements set by the 
Joint Chiefs of Staff at present.” 
General Thomas White, Air Force 
Chief of Staff, said that there will be 
need for manned vehicles “for the 
foreseeable future . . . and that vital 
military applications will derive from 
nuclear propulsion”. 

The general objectives of the 
present program were stated by Her- 
bert York, director of defense re- 
search and engineering, thus: (a) 
Study only those power plants which 
would be useful for military flight; 
(b) evaluate the indirect cycle power 
plant as soon as possible; and (c) 
defer a specific flight program until 
a power plant is established as feas- 
ible and potentially useful and when 
such a program will not seriously 
interfere with further improvements. 

There has been a pronounced dif- 
ference of opinion as to the desir- 
ability of “early flight” as a useful 
step in developing a more sophisti- 
cated aircraft, for its propaganda 
effects, and to hearten the men en- 
gaged in the project. The Congres- 
sional committee is in favor of early 
flight, as is Maj. Gen. Donald Keirn, 
present director of ANP, who be- 
lieves many important problems of 
flight can be solved thereby without 
delaying the installation of improved 
reactor cores. The A.E.C.’s General 
Advisory Committee is also of the 
opinion that the direct cycle propul- 
sion system, as now existing, can 


be used to propel a military aircraft. 

On the other hand, Thomas Gates, 
Deputy Secretary for Defense, be- 
lieves that propulsion systems made 
of our present materials “will fall far 
short of chemically fueled competi- 
tors” and would have little chance 
for future improvement. Proponents 
of early flight claim that it would not 
interfere with a search for better 
materials of construction — quite the 
contrary. Dr. York said, however, 
that changing a reactor core in an 
airship “is not a minor thing”. Secre- 
tary Gates adds that the proper time 
to fly an airframe would be “w hen 
we have a reactor that is possible of 
greater growth than the reactor we 
would now have to use”. A further 
point of difference concerns the first 
test flight vehicle or “test bed”. In 
the past it was felt that this might 
merely be a modified existing air- 
plane, like the B-36, a tanker plane, 
or a British “Princess” flying boat 
(which the Navy could use as a sub- 
marine hunter). General Keirn now 
believes that a new airplane should 
be specifically designed for nuclear 
propulsion. This would require 
several years to design and build. 

In brief summary, the Joint Con- 
gressional Committee notes that 
neither the Department of Defense 
nor the Joint Chiefs of Staff have 
set any general operating require- 
ment for a nuclear-propelled military 
aircraft, and suggests that Congress 
might therefore take the matter away 
from the soldiers and sailors and 
place primary responsibility on the 
Atomic Energy Commission to de- 
velop “a ground test prototype pro- 
pulsion system, and flight test it in 
an experimental aircraft. . . . This 
would provide the basis for a 
judgment by the defense depart- 
ment on firm military requirements.” 
The Atomic Energy Commission on 
October 9 said that General Elec- 
tric’s program (direct cycle engine) 
has been revised so as to place “in- 
creased emphasis on advanced fuel 
elements” of great promise, “The 
goal of the re-oriented program is a 
militarily useful propulsion system 


of high performance and long life.” 
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& Light Metallurgy 


A Short Tour of 


Archeological Metallurgy 


By DAVID J. MACK* 


Determining the true source of a questionable prehistoric artifact of metal 
is no easy task. Some of the problems met and solved (sometimes) 

in examining Indian copper bells, a “Viking” halberd, 

and two dubious candelabra are discussed in this article. (A2; Cu-b) 


Tue FIRST GENERATION of primitive physi- 
cal metallurgists was quite happy to apply the 
shiny new tool of metallography to archeological 
problems. These pioneers cheerfully worked on 
and wrote about such diverse subjects as Damas- 
cus steel, medieval armor, Bronze Age casting 
techniques, and the manufacture of ancient 


Fig. 1 — Grains of Pure Silver in Native Copper From 
Upper Michigan, Many of the copper grains appear 
to have double boundaries of a type associated 
with grain growth. Etched in bichromate; 100 x 


Egyptian wire. The English and the Germans 
seemed the most curious about ancient metal- 
lurgy, perhaps because of their wide training, 
and the many archeologists and museum collec- 
tions in both countries. In this country arche- 
ological work was less common, probably because 
American metallurgists had less to work with. 
Our Indians were much more limited, metal- 
lurgically speaking, than the Egyptians, Greeks, 
and Romans of classical antiquity. 

With the passing of the pioneer physical metal- 
lurgists, papers on archeological metallurgy by 
metallurgists appeared only sporadically. Work 
that had to be done was done ably by the arche- 
ologists themselves, though probably with con- 
siderably more “blood, sweat and tears” than a 
professional metallurgist would have had. Late- 
ly, however, scientific archeology has grown, and 
the practicing metallurgist again happily finds 
himself in a position to contribute substantially 
to archeology. 

American metallurgists who deal in arche- 
ological problems are faced with unique difficul- 
ties. The main one, probably, is lack of data; 
American aborigines were notoriously lax in 
recording the numerous facts and figures that we 
find so helpful in analyzing industrial problems. 
However, since they had no written language, 
they must be forgiven for this oversight. Within 


*Professor of Metallurgical Engineering, Univer- 
sity of Wisconsin, Madison, Wis. 
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Fig. 2— Grooves on Surface 
of Cast Bell. The grooves ap- 
pear along the bottom edge 
of this cross section (top). 
Compare this section with 
the modern tough pitch elec- 
trolytic copper containing 
0.02% oxygen shown below. 
Etched in bichromate; 50 x 


these limitations, however, the metallurgist can 
often discover much from careful examination of 
artifacts. As examples, consider the following 
experiences: 


Items Made From Copper 


Several years ago, one of my students, to settle 
a bet with a graduate student in archeology, ob- 
tained several copper artifacts (with permission, 
of course) from the Wisconsin State Historical 
Society. They included a copper chisel, copper 
axe, and a copper spud. He examined them to 
determine whether they had been cast or 
wrought. A single glance showed that they had 
been fabricated from native copper by working 
(whether hot, or cold plus anneals, or by a com- 
bination was impossible to establish). Curiously, 
the last operation was a recrystallizing anneal; 
this eliminated all the beneficial hardening effects 
that cold working may have imparted. 

The interesting structure of these items led to 
an extensive investigation into the microstruc- 
ture of native copper. Among other things, we 
found that the structure of native copper mined 
in Upper Michigan occasionally contains small 
inclusions of pure silver (Fig. 1). The writer has 
seen this silver coming off the wilfley tables in a 
discrete stream separate from the copper, but 
had always assumed the silver to be held in the 
rock matrix and not in the copper as well. This 
intimate association of copper and silver poses 
interesting questions for the geologist as well as 
the metallurgist concerning the phase equilibria 


DECEMBER 1959 


of the copper-silver system and surface energy 
considerations. 


Cast Copper Bells 


One of our first investigations concerned small 
copper bells frequently found in the Southwest. 
Previous work by others led to the belief that 
these prehistoric bells were cast, probably centrif- 
ugally, by the lost-wax process. We examined 
a bell from the collections of the Arizona State 


Fig. 3—Inclusions in the Cast Bell. 
These could be a clue in identifying the 
source of the copper. Unetched; 500 x 
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Museum, first removing the heavy patination by 
a weak macro-etch. An unexpected set of lines 
appeared on the surface, evenly spaced and 
parallel to the mouth of the bell. The question 
then arose: “Were these lines engraved or in- 
cised, or did they result from the wax pattern?” 
Examination of the cross-section of the bell 
(Fig. 2) answered the question immediately. 
Obviously, the lines were formed during the cast- 
ing process, and are probably due to wax threads 
used in making the wax pattern. The extremely 
thin sections (0.01 in. in certain parts of these 
small bells) and the hollow handles seem to 
prove that the bells could only have been made 
by centrifugal casting, or by forcing the molten 
metal into the mold cavity by gas pressure. This 
entire technique is probably an ancient one with 
the Mexican Indians. 

Another question always foremost in the arche- 
ologist’s mind is: “Where did the copper come 
from?” In the Southwest, there is a small amount 
of native copper, as well as large amounts of both 
oxide and sulphide ores. Thus, the copper in the 
bells might be remelted native copper (unlikely 
because of the high temperature needed) or 
smelted ore. Figure 3 shows the inclusions in 
the copper. Can the source be identified from 
them? Perhaps someone familiar with the micro- 
structure of cast coppers can answer the question. 

Another type of copper ornament encountered 
in the Southwest is the “tinkler”, a small hollow 
cone of metal. When examining one of these 
from Chihuahua, the writer observed the struc- 
ture shown in Fig. 4 and 5. Figure 4 is the un- 
etched structure; from its cleanliness it can only 
be native copper. The extensive working which 
the copper received in making the tinkler is 
shown in Fig. 5. Obviously, this extensive cold 
working indicates that the piece of native copper 
was hammered flat before being formed into the 
tinkler. 

Vikings in Minnesota — A resident of Wiscon- 
sin or Minnesota cannot help knowing about the 


Fig. 4— Native Copper in the “Tin- 
kler” Was Free of Inclusions. Etch- 
ing was needed to reveal strain mark- 
ings. Etched in bichromate; 500 x 


Fig. 5—Cross Section of Tinkler 
Heavily Etched to Show Strain Mark- 
ings. Etched in bichromate; 50 x 


Fig. 6 — Section of Halberd Tang. This is 
obviously wrought iron, a material whose 
softness limits its usefulness in cutting 
implements. Etched in 2% nital; 250 x 
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Just two will do... 
4340, 4620 General Purpose Steels 


You make your job easier and you standardize, sim- 
plify, and save money... 


These two General Purpose alloy steels can solve 
most of your steel selection problems. One a carbur- 
izing type... the other a through-hardening type — 
with just these two alloy steels you can satisfy prac- 
tically all your engineering requirements. 


Here’s your chance to standardize on materials. 
To simplify inventory and processing. To save 
money in purchasing, inventory, production .. . 


When you need through-hardening steel, simply 
specify 4340. It’s ideal for parts 
of any section size. It provides ex- 
ceptionally high strength and 
toughness. Responds reliably to 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street 


DECEMBER 1959 


heat treatment. It’s weldable under proper condi- 
tions and machines at relatively high hardness. 


And when you want to carburize, simply specify 4620 
steel. It resists warpage and distortion in heat 
treatment. Responds reliably and uniformly, too. 
Provides a tough, strong core to support the hard 
wear-resistant case. 


Best of all, both are carried by Steel Service Cen- 
ters from coast to coast, ready for delivery right off 
the shelf. If you need heavier-duty or special pur- 
pose steels for very particular applications, suitable 
nickel alloy steels are also available from your Steel 


Service Center. To get a buyer’s 
IN 


guide of centers that carry 4340, 


4620, and other nickel-containing 
grades, simply write Inco. 
New York 5,N. Y. TRADE MARK 
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WITH GOOD FABRICATION PROPERTIES 


AM 350 and AM 355 are metals for the space age! The combination of easy fabrication 
with high strength-to-weight ratio of AM 350 and AM 355 interests missile and supersonic aircraft 
designers with problems of high strength at elevated temperatures. 


This pair of precipitation hardening stainless steels from Allegheny Ludlum research 
are easy to fabricate in the annealed condition. They can be spun, drawn, formed, machined, 
brazed and welded using normal stainless procedures. 


Both alloys have high strength without embrittlement from room temperature to 1000°F, plus good 
ductility at elevated temperatures. They have remarkable stability and excellent corrosion resistance. 


AM 350 is available in sheet, strip, foil, small bars and wire. AM 355, best suited for heavier 
sections, is available in forgings, forging billets, plates, bars, wire, sheet and strip. 

For further information, see your A-L sales engineer or write for the new technical booklet, “AM 350 
and AM 355,” Allegheny Ludlum Steel Corporation, Oliver Building, Pittsburgh 22, Pa. 


ALLEGHENY LUDLUM 


EVERY FORM OF STAINLESS... EVERY HELP IN USING IT 
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| HIGH STRENGTH AND STABILITY 
Ln 
96-C 


Bausch & Lomb 


METALLURGICAL 
EQUIPMENT 


Winner of 
more ASM awards, 
year after year, 
than all other 
makes 


combined! 


Industry's most complete line of 
metallographs, spectrographs, microscopes, 
and high and low power cameras. Write for 
data, specifications, demonstration. 

Bausch & Lomb Optical Co., 63848 Bausch St., 
Rochester 2, N. Y. 
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controversial Kensington Stone. This 
stone, unearthed in Minnesota in 1898 
and covered with runic characters, 
purports to describe the fate of a band 
of Vikings at the hands of Indians in 
that area about 1362 A.D. Naturally, 
metallurgists should be curious about 
the iron weapons carried by these 
Vikings. Some which appear authen- 
tic have turned up and have been 
exhaustively described. However, we 
know of no metallurgical examination 
that has even been made of these 
weapons. Recently one of them, a 
halberd, was presented to the Wis- 
consin State Historical Society, and 
the writer examined small sections 
metallographically. 

Small pieces, removed from the 
cutting edge of the blade and from 
the tang, proved that the material was 
hand-puddled wrought iron of good 
grade (Fig. 6). Although the blade 
of the halberd had been corroded, 
there was no trace of any hardening 
on the cutting edge. 

Heavier etching also revealed Neu- 
mann bands near the cutting edge. It 
gives one a vicarious thrill to specu- 
late that these Neumann bands might 
have been formed as the Viking chopped into 
his enemy's bones or armor. This lack of 
a hardened edge also points up what has long 
been known about many other Viking weapons. 
Vikings depended more upon sheer strength to 
batter their opponents into submission than upon 
any finesse or technique with sharp weapons.* 

*Although the preponderance of evidence seems 
to indicate that the Kensington stone is a hoax, this 
still does not explain the finds of ancient-type iron 
weapons in the Minnesota-Wisconsin area. These 
weapons are identical with similar specimens of 
known age in Scandinavian museums. If it’s all a 
hoax, how did the weapons get there? 

The obvious explanation is that they were brought 
by Scandinavian immigrants as family keepsakes and 
then lost. (This seems improbable.) Another story 
that particularly applies to the halberd in question 
is that they were widely used in the '80’s, ’90’s and 
early 1900's to advertise various brands of tobacco 
such as “Knight”, “Viking”, “Red Man”, and so on. 
This is probable for the halberd, swords and axes 
that have been found, but I fail to see how it would 
apply to the massive crunching weapons, used to 
bust up an opponent's bones and armor. They cer- 
tainly would not have enough eye appeal to act as 


advertising media. The whole question is still up 
in the air. 
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Fig. 7—This Candelabrum Was As- 
sembled by the Author. Though much 
was discovered during subsequent work, 
its true antiquity could not be proven 


Such an examination settles no ques- 
tions — authenticity of the halberd, 
age or origin. In passing, it was 
originally hoped that the material 
would be high enough in carbon to 
establish a radio-carbon date. 


The Candelabra in the Junk Shop 


Far more puzzling in origin than 
the weapons is a pair of candelabra 
brought to the writer's attention by 
one of his friends who is a junk-shop 
haunter. One of these is shown in 
Fig. 7. Knowing that the writer is 
a metallurgist as well as a frustrated 
mechanic, this friend asked if the 
candelabra, which had been broken 
in several places, could be reas- 
sembled. The blithe answer was, 
“Certainly”! Closer inspection, prior 
to reassembly, revealed that the can- 

» delabra had not been “broken” in the 
usual sense, but had come apart at 
pinned and leaded joints. While they 
appeared crudely made, considerable 

ability was needed in designing the parts. As- 
sembling them also required much skill. 

It was soon obvious why the candelabrum had 
been assembled from a number of smaller cast- 
ings. The pattern was extremely intricate. 
With its reverse curvatures of surfaces and re- 
entrant angles, the pattern could not have been 
withdrawn from the mold. (However, it would 
have been ideal for casting by the lost-wax proc- 
ess.) Since the candelabra burned oil, and had 
ancient design motifs such as a winged lion with 
human head and the stylized lotus or acanthus 
leaves, it was suggested that they might be a 
collector's item. (Of course, they could have 
been fakes, too.) 

Anyway, the writer dashed off, candelabra in 
hand to one of his colleagues in the Classics De- 
partment who considers himself primarily a his- 
torian but has done considerable archeological 
work in Italy. He believed he had seen some 
similar ones someplace, perhaps in archeological 
material from Pompeii. At his suggestion, a mag- 
nificent work containing extensive photographs 
of Pompeiian treasures was consulted. Behold! 
Several candelabra shown seemed nearly identi- 
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cal to the ones we had in hand. However, while 
such evidence is helpful, it is inconclusive. It 
only serves to whet one’s appetite to establish 
the authenticity. 

Not long afterward the writer spent a week in 
Chicago, accompanied by a candelabrum as well 
as a wife and some friends who also have an arm- 
chair interest in archeology. In the time avail- 
able, no one consulted was able to help identify 
the oil lamps — antique dealers, the Field Mu- 
seum, the Chicago Art Institute, or the Oriental 
Institute at the University of Chicago. One of 
the men at the Oriental Institute suggested an 
elementary test; if they were a copper-tin bronze, 
they might be ancient; if they were a copper-zinc 
alloy, they were probably no older than the 15th 
or 16th centuries A.D., assuming the candelabra 
were genuine. 

Subsequent metallographic examination showed 
the candelabra to be cast alpha brass with about 
3% lead, similar to leaded yellow brass, a modern 
material widely used for intricate castings. Ac- 
cording to the simple rule suggested at the Ori- 
ental Institute, this clearly made the candelabra 
Renaissance or later. 

However, this was not the final answer. Fur- 
ther search of the metallurgical literature re- 
vealed that this same brass was used by the 
Romans as early as 20 B.C., “. . . not only for 
coinage but also for fibulae, personal ornaments 
and decorative metal work”. It was also found 
that component parts of large cast objects were 
often assembled with pins, usually wrought iron. 
Joints were then filled with lead. 

Examination of several of the pins from the 
candelabra showed them to be of the same leaded 
yellow brass, each one being crudely threaded at 
both ends. One pin showed what appeared to 
be machining marks on its end. In addition, there 
were faint grinding marks on the bottom of the 
feet which, from their regularity and uniformity, 
must have been made by modern machine grind- 
ing methods. 

So the problem remains unanswered — are the 
candelabra ancient and of considerable archeo- 
logical and historic interest, are they clever for- 
geries, or are they Victorian junk, similar to the 
statues with belly clocks? The composition of 
the brass, the technique of assembly, the de- 
sign motifs, and the fact that they are oil lamps 
argue for their authenticity. Against this are the 
threaded brass pins and the machining marks. 

This brief excursion into romantic metallurgy 
with the Viking halberd and the candelabra 
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points up the limitation of physical science in 
attempting to authenticate archeological artifacts. 
We can usually certify compositions, methods and 
techniques of manufacture. But when one is 
dealing with an artifact of unknown origin, it is 
the cultural principles, the design and its execu- 
tion on the artifact as compared to known types 
that will establish the authen icity, once the phys- 
ical evidence is favorable. 

While these few examples of metallurgical 
archeology may seem elementary to the metal- 
lurgist, the results are interesting because they 
provide us with information about the back- 
ground of our chosen field. While our ancestors 
may not have appreciated some of the simplest 
metallurgical facts of life, there is also ample 
evidence of experiment and techniques of a 


very high order. 
You, Too, Can Be a Metallurgical Archeologist 


Many metallurgical and related techniques are 
useful to the metallurgist who acquires a leisure- 
time interest in archeological or historical 
metallurgy. For example, the archeologist 
sometimes wonders whether a particular iron arti- 
fact was made of meteoric iron or from smelted 
ore. A simple spot test will tell him at once be- 
cause meteoric iron is fairly high in nickel. Trac- 
ing Indian trade routes in North America is 
another common problem. Important here is 
the origin of the metallic articles as to geologic 
site. Spectrographic analysis is often helpful. 
For example, the native copper deposits in upper 
Michigan are unique in that they do not contain 
even spectrographic traces of gold. One after- 
noon per month with a quantometer would pin- 
point the origins of many artifacts. 

Macro-etching techniques have probably not 
been as extensively used on metallic artifacts as 
they should be, particularly where the patination 
is heavy. Carefully applied macro-etches reveal 
unsuspected surface detail, and are very useful 
for separating copper, brass and bronze artifacts 
or fragments. Looking to the future, it is certain 
that metallurgical techniques as useful as radio- 
carbon dating will be developed. It is not illog- 
ical to suppose that studies of the decay of the 
relaxation spectrum of cold worked materials will 
provide for more precise timing of the era during 
which a particular artifact was fabricated. 

In conclusion, archeological and historical met- 
allurgy, although they can rightly be regarded 
as a busman’s holiday for the professional metal- 
lurgist, are fun. And you can’t beat fun. © 
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Sodium Bisulphite 
as an Etchant for Steel 


By J. R. VILELLA and W. F. KINDLE* 


Sodium bisulphite improves the contrast of the microconstituents 
in steel without selectively overetching fine structures 
such as pearlite and bainite. (M20q; ST) 


The vse or AQUEOUS SOLUTIONS of sodium 
bisulphite (NaHSO,) as a metallographic etch- 
ant for steel and cast iron was first described by 
L. Beaujard and Mlle. J. Tordeuxt. According 
to these investigators, best results are obtained 
by etching with a 21 to 28% aqueous solution at 
room temperature for 10 to 25 sec. Etching 
effects produced by this reagent are essentially 
the same as those obtained by heat tinting at 
higher temperatures. Specifically, some of the 
merits claimed for this etchant are: (a) It en- 
hances contrast between adjacent ferrite grains 
in low-carbon steels; (b) it defines austenite 
grains, martensite and undissolved carbides in 
quenched high-carbon steels; (c) it is superior 
to saturated picral in revealing lines of deforma- 
tion and other fine details of the structure of 
broken test specimens; (d) it is highly sensitive 
to chemical segregations; and (e) it brings out 


*Metallurgists, Research Center, U. S. Steel Corp., 
Monroeville, Pa. 

tRevue de Metallurgie, Vol. 52, September 1955, 
p. 750; Revue de Metallurgie Vol. 49, January 1952, 
p. 394. 

t Metallurgia, Vol. 54, No. 332, August 1956, p. 93. 
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clearly the carbide network in carburizing tests. 
The etching properties of sodium bisulphite 
were further studied by B. V. Guellardt, who 
corroborated the claims made by the French 
investigators. In addition, he found that, when 
applied to low-alloy, high-strength steels, sodium 
bisulphite tints the grains three different colors 
which are reproduced as three distinct shades 
of gray when the steel is photographed in black 
and white. Like Stead’s reagent, sodium bisul- 
phite reveals phosphorus segregation, which 5% 
nital fails to do, and brings out at the grain 
boundaries of cold reduced rimmed steel certain 
white bands, slightly raised from the surface, 
which disappear on normalizing. According to 
Guellard, this demonstrates the suitability of the 
reagent for revealing chemical segregations and 
possible lattice distortion at the grain boundaries. 
He also found that when applied to cast iron, 
sodium bisulphite contrasts carbides and phos- 
phides better than Stead’s reagent or nital. 
Another quite remarkable and useful property 
of this reagent, not discussed either by Beaujard 
and Tordeaux or by Guellard, is its ability to etch 
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Fig. 1— Photomicrographs of a Plain 
Carbon Eutectoid Steel Show That So- 
dium Bisulphite Etches Martensite and 


or darken untempered martensite* at least as 
fast as it etches practically all other microstruc- 
tures of steel, including some tempered marten- 


e sites. In Fig. 1, which shows microstructures of 
a plain carbon eutectoid steel, the rate of etch- 

- ing of pearlite and martensite in sodium bisul- 
phite is contrasted with the rate of etching in 
= saturated picral. In structures consisting of fast- 
ds etching fine nodular pearlite and upper bainite 
tt in a martensite matrix, sodium bisulphite brings 


out the needle structure of martensite without 
over-etching the fine pearlite or bainite. 


Isothermal Transformation Studies 


This reagent can also be used as shown in Fig. 
2. The structure was produced in a steel con- 
taining 0.18% C, 0.67% Mn and 1.07% Ni, by 

partial isothermal transformation at 1050° F. It 

consists of dark areas of what may be called fine 

pearlite, and comparatively large needles of 

Widmanstitten ferrite in a matrix of martensite. 

Aa The etching problem presented by this type of 
structure is that, while conventional etchants 
produce sufficient contrast to differentiate fer- 
rite from martensite, they also invariably blacken 


*The phrase “untempered martensite” as used here 
refers to martensite which has not been tempered 
deliberately. Martensite in the examples shown has 
been slightly tempered (probably 1 or 2 min. above 
300° F.) as a result of mounting the specimen in 
“ bakelite for metallographic polishing. 
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Pearlite at the Same Rate. (Left) Etched 
15 sec. with picral; (right) etched 10 sec. 
with sodium bisulphite. Both 1000 x 


the fine pearlite, thereby obliterating all details 
in the structure. This can be avoided by first 
etching lightly with saturated picral (Fig. 2, left) 
and then superimposing a light etch with sodium 
bisulphite (Fig. 2, right) which confines its action 
mainly to the martensitic matrix. 

Sodium bisulphite is useful in the study of iso- 
thermal transformation of low-carbon steels. 
The technique consists of etching with picral 
followed by 1% nital and sodium bisulphite. 
It clearly defines the various transformation prod- 
ucts found in such steels, and is helpful in dis- 
tinguishing ferrite from low-carbon martensite. 


Etchant Composition 


Because aqueous solutions often do not wet 
highly polished metallic surfaces evenly, it is 
advantageous to add one drop of 25% Aerosol or 
other equivalent wetting agent to every 100 cc. 
of solution. Good polishing technique is neces- 
sary when etching with sodium bisulphite be- 
cause the reagent brings out fine scratches not 
visible after etching with picral or nital solutions. 

The concentration of sodium bisulphite in solu- 
tion is not critical for the purpose of darkening 
martensite. Good results have been obtained 
with concentrations ranging from 10 to 35%. 

Aqueous solutions of potassium metabisulphite 
and of ammonium persulphate will also etch 
steel, but they do not appear to possess any 
advantage over sodium bisulphite. S 
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Fig. 2 — Sodium Bisulphite Applied After a Light cessively the Fine Pearlitic Structure. (Left) 
Picral Etch Provides Good Contrast Between Etched with picral alone; (right) with a light 
Martensite and Ferrite Without Attacking Ex- sodium bisulphite etch superimposed. 1000 x 


New Techniques for Etching 


Etching Uranium 
for Bright-Field Examination 


By W. N. POSEY* 


A new chemical etchant permits micro-examination of uranium 
under bright-field illumination. (M20q; U) 


A cuemicat ercuant has been developed chemical etching technique is much simpler, 
that will reveal the grain structure of uranium _ faster and more amenable to routine use. 
under bright-field illumination. Such an etchant The etchant is composed of 130 ml. H,SO, 
is desirable because of the disadvantages in (concentrated), 50 ml. H,O, (30 wt.%), 0.2 g. 
routine micro-examination of uranium by polar- Na,SiF 4, and 60 ml. water. The specimen should 
ized light. For example, as the specimen is be immersed in the etchant immediately after 
rotated, the grains seem to assume different 


sizes. Of course, bright-Geld examination of Pont de Nemours & Co., Aiken, S.C. This article was 


uranium is possible if the metal has been pre- developed from work under contract AT (07-2)-1 
pared by cathodic vacuum etching, but the with the U.S. Atomic Energy Commission. 


*Chemist, Savannah River Laboratory, E. 1. du 
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Fig. 1 — As-Rolled Alpha Uranium Etched With a Solution Con- 


taining 130 MI. H»SO,, 50 MI. 0.2 G. Na»SiF and 60 MI. 
Water. Left, 50 x, right, 250 x; both under direct lighting 


the H»SO, is added. Etching time is approxi- tent should be reduced by about 25 ml. when 
: mately 30 sec. Because of the highly exothermic etching specimens have very small grains. Re- 
reaction between H.SO, and the solution 


ducing the water content results in less pitting 


rises to about 285° F. and boils for about 3 min. on the small grains, which appear to etch at a 
after the H.SO, is added. After this 3-min. slightly slower rate than large grains. 

period, the solution will attack the uranium to During etching, a thin oxide film forms on the 
some extent, but will not etch it satisfactorily. specimen. It is removed by electropolishing 


The Na,SiFs forms a complex with the free with the same electrolyte and conditions normally 
uranium ions, thereby preventing the formation recommended for uranium. 


of salt crystals on the surface of the specimen. Figures 1 and 2 show photomicrographs typical 
Although satisfactory etching can be obtained of those obtained from as-rolled and_ beta- 
over a wide range of grain sizes with the rec- transformed uranium which have been chemi- 


ommended etchant composition, the water con- 


cally etched. =) 


Fig. 2—Beta-Transformed Uranium. Same etchant as Fig. 1. 
Left, 75 x, direct lighting; right, 500 x, slightly oblique lighting 
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No. 3 in a Series on Better Finishing 


Alkaline Cleaning of Metals 


Part [1—Selecting Equipment, Maintenance 
Requirements and Costs 


By the A.S.M. Metals Handbook Committee on Alkaline Cleaning* 


The first part of this article, published in last month’s Metal Progress, 
described methods, cycles, and cleaner formulations for soak, spray and 
electrolytic cleaning. This section considers equipment requirements, 


maintenance schedules, and operating costs. 


ALKALINE CLEANERS are weakened by reac- 
tions with acid soils and hard water, sludge due 
to common ion adsorption on solid soils or emulsi- 
fied oils, and by dilution resulting from water 
additions made to replenish dragout losses. 
Periodic tests should be made as a basis for 
controlling the solution strength. 


Check Concentration 


The preferred practice in maintaining the 
strength of the process is to make small additions 
of the compound at regular intervals, and to 
establish the operating strength of the cleaner 
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(L12k, 1-52, 17-53) 


as a range. Control for installations that clean 
large quantities of material (over 10,000 sq.ft. 
per hr.) requires the solution to be titrated every 
l or 2 hr. Titration every 4 hr. is usually suffi- 
cient for smaller quantities. After the titration, 
a a pattern of cleaner addition is developed con- 


*Members of the committee are Braly S Myers 
(chairman), Walter L. Acker, A. R. Balden, J. M. 
Clark, E. L. Faneuf, J. T. Ferguson, W. A. Grigat, 
R. C. Hannenberg, W. A. Leeper, L. L. Moses, Rob- 
ert A. Nyquist, Edwin F. Ottens, E. B. Saubestre, 
John Parina and Taylor Lyman. Company affiliations 
of the members were given in Part I of the article 
last month. 
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for Alkaline Soak Cleaning 


Table I1—Typical Job-Equipment Relations 


unknown is N base. The volume of 
acid solution used to neutralize the 


: hydroxide is A~(B—A); the acid used 
SELECTION Factor | SMALL Pieces* | Larce Pieces* to neutralize the carbonate is 2 (B—A). 
Production Requirements For a 1N solution of sodium hy- 
Number of pieces, per hr. | 300 250 droxide there is 40 g. per liter of solu- 
Area, sq. ft. per hr. | 400 1200 tion or 5.35 oz. per gal. For a 1N 
Weight of pieces, lb. % to 5 to 1000 
Equipment Requirements solution of sodium carbonate there is 
Tank dimensions 53 g. per liter or 7.06 oz. per gal. The 
Cleaner tank, ft. 6 X 3 X 3deep | 18 X 5 X 5 deep concentration of the two in ounces per 
Rinse tank, ft. 6 X 3 X 3deep | 18 X 5 X 5 deep gallon is derived from these formulas 
for a 10-ml. sample of cleaner: 
Rinse, gal. 330 2900 Oz. per gal. Na,CO,= 
Rinse overflow, gal. per hr. 20 200 2(B—A) x N acid x 7.06 
ource O eat Steam coi mmersion Durner 
Heat input, Btu. per hr. 225,000 2,000,000 Oz. per gal. NeCei= a 
Operating temperature, °F. 175 to 200 175 to 200 [A— (B—A)] x N acid x 5.35 
Cost of equipment $900 $2200 10 


Total oz. per gal.= 


*Small pieces have dimensions of | ft. or less on a side;large oz. per gal. NagCO, + oz. per gal. NaOH 


pieces, more than | ft. 


sistent with the soil load and quantity of material 
being cleaned. 

This control test is made by titrating 0.1 N 
hydrochloric acid into a 25-ml. sample of the 
process solution to a phenolphthalein end point. 
A duplicate test is made with a fresh solution 
of cleaner of the desired strength; comparison 
of the results will indicate the amount of replen- 
ishment needed to bring the process solution to 
required strength. 

Solution strength can also be determined by 
an electrical conductivity meter calibrated to 
indicate the amounts of alkali additions needed to 
bring the solution to its proper strength. 


Double Titration More Accurate 


Double titration depends on a chemical titra- 
tion for equivalent hydroxide and equivalent 
carbonate. Neutralization is normally carried 
out with a known concentration of hydrochloric 
acid. The hydroxide is neutralized and the car- 
bonate is converted to bicarbonate at an approxi- 
mate pH of 8.5 (phenolphthalein). Methyl 
orange is added and the titration is continued 
until the bicarbonate is neutralized (pH = 3.8). 

The calculation for the concentration of hy- 
droxide and carbonate requires the values for 
the acid concentration, expressed as normality 
(N), and milliliters of acid used to titrate to 
each of the two end points. If the first end point 
equals A and the second B, both expressed in 
milliliters, then for this acid-base reaction N acid 
x ml. acid = N base x ml. base. The only 


104 


Alkaline cleaners made up of other 
alkalis or containing other alkaline 
materials will have a double end point, but the 
titration does not sort out the constituents. For 
a test for other alkalis, make a liter of solution 
of the desired cleaner concentration. Titrate a 
10-ml. sample as above and use the above for- 
mulas to calculate the results as though the 
sodium carbonate and hydroxide are actually 
present. The total cleaner in ounces per gallon 
as calculated will not be the same as the actual 
concentration of cleaner as-made, except in the 
special case of sodium carbonate and sodium 
hydroxide. Therefore divide the as-made concen- 
tration by the total as-calculated concentration to 
find a factor that will be used in further titration 
on the same cleaner in production. 
as-made concentration (x) 
f=factor= —— : 
as-calculated concentration (1) 
Therefore, for operation, f times y will equal 
the cleaner concentration in the production tank. 

For control, the total amount of cleaner is 
important, as is the difference, in ounces per 
gallon, between the hydroxide and the carbonate. 
A large positive difference means more equiva- 
lent hydroxide, and normally a harsher cleaner 
on nonferrous alloys. 

The cleaner balance may be upset because 
sodium hydroxide and other alkaline materials 
react with CO, in the air, particularly in spray 
washers. Other cleaner material will hydrolyze 
or transpose at a lower pH. Analysis may indi- 
cate that more sodium hydroxide should be 
added to counteract the change in the cleaner 
balance. 
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A typical schedule for the 
double-titration control test 
for spray and electrolytic 
cleaning solution is: 


SPRAY 
Titrate: 
Skim or 

overflow: 


Each 4 hr. 
Each 3 hr. 


ELECTROLYTIC 


Titrate: Each 4 hr. 
Skim or overflow: Once or 
twice a day 


Experience should be 
gained in correlating the re- 
sults of analysis with those 
of the cleaning process. The 
double-titration method is 
not a cure-all but it does 
provide a means of control- 
ling solution strength and 
reducing consumption of the 
cleaner. Sampling proce- 
dure, setup time, cleaning of 
glassware, and actual titra- 
tion and calculations average 
less than 15 min. per analysis, 
or about $3.00 per day. 

Normally a complete ana- 
lysis of the solution is un- 
necessary if it is working sat- 
isfactorily. The usual test is 
a titration using a phenolph- 
thalein end point. When 
trouble is encountered and 
the cleaner is not performing 
satisfactorily, yet the phen- 
olphthalein indicator shows 
the solution to be in proper 
specification range, either a 
more complete analysis must 
be made or the solution must 
be dumped. 

The decision to dump a 
cleaning solution or to de- 
cant it into another tank 
depends on the economics of 
the operation. The make-up 


Table Il — Typical Job-Equipment Relations for Alkaline Spray Cleaning 


SELECTION FAcTOoR 


SMALL Pieces* 


LarceE Pieces* 


Production Requirements 


Number of pieces, per hr. 
Area, sq. ft. per hr. 
Weight of pieces, lb. 


| 900 
| 2,400 
0.6 


Equipment for Cleaning Stage 


Tank dimensions, ft. 

Tank volume, gal. 

Pump capacity, gal. per min. 
Pump pressure, Ib. 

Size of spray housing, ft. 
Line speed, ft. per min. 
Distance between centers, ft. 
Hanging pattern 


Riser spacing, in. 

Nozzle type 

Nozzle pressure, psi. 
Distance, nozzle to work, in. 
Cleaning time, min. 


Volume delivered per nozzle, gal. per min. 


Nozzles per riser set 

Rinse set number 

Solution volume pumped, gal. per min. 
Screen area, sq. ft. 

Mesh size 

Overflow 

Drain zone length, ft. 
Motor rating 

Heat source 

Heat input, Btu. per hr. 
Operating temperature, °F. 


| 20 x 5 X 4deep 


15 X 6 deep 
15 
4 
4 per center or 4 ft. 
between each 4 pieces 
14 
V-jet() 
15 to 20 
12 to 16 
ltol% 
4.3(c) to 4.9(d) 
| 15(e) 
11 (c) to 13(d) 
710(c) to 956(d) 
16 to 18(9) 
4 to 6 
Full-length dam 
9 
| 15 hp., 1750 rpm. 
| Steam 
4,800,000(h) 
160 to 180 


Equipment for Rinse Stage 


Tank dimensions, ft. 

Tank volume, gal. 

Pump capacity, gal. per min. 
Pump pressure, lb. 

Zone preceding rinse stage, ft. 
Length of spray zone, ft. 
Riser spacing, in. 

Nozzle type 

Nozzle pressure, psi. 
Distance, nozzle to work, in. 
Rinsing time, sec. 

Nozzles per riser set 

Riser set number 

Screen area, sq. ft. 

Mesh size 

Overflow 

Drain zone length, ft.() 
Motor rating 

Heat source 

Heat input, Btu. per hr. 
Operating temperature, °F. 


| 8.3 5 x 4deep 
| 1250 
516 to 588 
| 20 to 25 
4 (to first riser) 
7 to 10 
14 
V-jet 
| 12 to 15 
12 to 16 
30 to 40 
15(4) 
8 
| 7 to 10(k) 
| 4to6 
Full-length dam 
6 
7% hp., 1750 rpm. 
Steam 
2,200,000 
| 140 to 160 


300 
12,000 
12 


20 x 5 4deep 


12 X 6 XK 8 deep 
10 

4 

2 per center or 4 ft. 
between each 2 pieces 
12 

V-jet(6) 

15 to 20 

12 to 16 

ltwol% 

4.3(c) to 4.9(d) 
13(f) 

I1(c) to 13(d) 
615(c) to 828(d) 
12 to 14(9) 

4 to 6 

Full-length dam 
6 

15 hp., 1750 rpm. 
Steam 
3,400,000(h) 

160 to 180 


8.3 X 5 & 4 deep 
1200 

447 to 510 

20 to 25 

4 (to first riser) 
/ 

12 

V-jet 

10 to 15 

12 to 16 

30 to 40 

8 

8 to 10(k) 
4to6 
Full-length dam 
6 

7% hp., 1750 rpm. 
| Steam 
1,800,000 

140 to 160 


*Small pieces have dimen- 
sions of | ft. or less on a side; 
large pieces, more than | ft. 

(a) Hydrostatic head of 50 
to 60 ft. (6) Produces flat 
spray pattern with maximum 
impingement. (c) For cleaning 
time of | min. (d) For cleaning 
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time of 1 min. (e) 9 to 10 in. 
on centers with alternate risers 
staggered. (/) 12 in. on centers 
with alternate risers staggered. 
(g) 1% sq. ft. screen area for 
each 100 gal. per min. of solu- 
tion pumped. Assuming 
8°F. temperature drop due to 


exhaust heat losses, heat losses 
to cold parts, heat dissipation 
through sides and spray; heat- 
up time of solution figured at 
hr. (4) 9 to 10 in. on centers 
with alternate risers staggered. 
(y) 12 in. on centers with alter- 
nate risers staggered. (hk) 1% 


sq. ft. screen area for each 100 
gal. of solution pumped per 
min. (/) Followed by dry-off 
(if liquids are not pocketed) of 
2 to 3 min. at 300 to 350°F. If 
recesses On parts cause pocket- 
ing of liquids, air blow-off 
should be used. 
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| 
3000 3000 
| 1150(a) 850(a) 


cost must be compared with the labor costs for 
handling the solution. For example, if a pro- 
prietary spray cleaner is being used at 15¢ per 
Ib. at a concentration of 1 oz. per gal. in a 
3200-gal. tank, the material make-up is only $30. 

With installations that clean as much as 100,- 
000 sq.ft. every 8 hr., it is common practice to 
dump the cleaner each week. Sometimes there 
is very little soil on the incoming work and the 
solution may be used for longer periods. 


Equipment Requirements 


The factors affecting selection of a cleaning 
method (such as size, shape and weight of the 
work and the degree of cleanliness required) also 
influence the selection of equipment. The equip- 
ment chosen should be adequate not only for 
present work volumes but for those likely in the 
near future. 

Small parts can be handled in baskets and ro- 
tating drums or barrels; parts easily damaged are 
treated individually by hanging them on racks. 
Box-like parts will require careful placing of 
spray jets to reach the recessed surfaces. Re- 
cesses are often best cleaned in electrolytic tanks. 


Table Ill — Typical Job-Equipment Relations for Electrolytic Cleaning 


Equipment requirements for typical jobs for 
each of the alkaline methods are reported in 
Tables I through V. Systems employing com- 
binations of methods do so to overcome the limi- 
tations of a single method. 

Soak cleaning equipment is the least expensive 
of the installations used with alkaline cleaning. 
It consists of a tank cleaner, one or two tanks for 
the rinse, an air exhaust system, a source of heat, 
with the necessary piping for supplying water 
and discharging spent cleaner and rinse. Tank 
construction is dealt with on p. 109. Depending 
on the size, weight and quantity of parts in each 
load, the work can be handled manually or 
mechanically. Table I gives typical relationships 
of equipment size with size and quantity of parts 
to be cleaned. 

Spray cleaning equipment is almost always 
multistage and conveyerized. This accounts 
for the high cost of equipment. Depending on 
the part to be cleaned, type of soil and degree of 
cleanliness desired, spray washing machines may 
use two, three or four stages. Table II shows 
typical job-equipment relations for spray clean- 
ing, and Fig. 1 (p. 110) shows a typical two- 


SELECTION Factor 


Barret WorkK* 


SMALL Pieces* LarceE Pieces* 


, Production Requirements 


Number of pieces, per hr. 
Area, sq. ft. per hr. | 1250 
Weight of pieces, Ib. | 0.1 to 1% 
Area of pieces 


0.1 to 20 sq. in. 


| 
| 


50 to 150 per barrel | 1250 250 


| % 05 10 to 50 
% to 2 sq. ft. 2 to 10 sq. ft. 


_ Equipment Requirements 


Tank dimensions, ft. 


Cleaning | 8 x 3 XK 3 deep | 6 X 3 X 4 deep(a) | 6 X 3 X& 4 deep(a) 
1l xk 4 X 6 deep (6) 11 X 4 X 6 deep(d) 
Rinse 4 X 3X 3 deep 6 X 3 & 4 deep(a) | 6 X 3 X 4 deep(a) 
11x 4 X 6 deep(4) | Il 4 X 6 deep() 
Tank volume, gal. 500 | 500(a), 1800(6) | 500(a), 1800(4) 
Cleaning time, min. 1 to5 | 1 to5 | 1 to5 
Rinsing time, min. | to2 1/6 to % | 1/6 to % 
Barre! material | Plastic(c) 
Rack material | ——— Copper | Plastic-covered copper 
Hook material —_—— Plastic-covered copper | Plastic-covered copper 
Current density, amp. per sq. ft.(d) | 15 to 30 25 to 100 | 25 to 100 
Voltage | 12 6 | 6 
Heating unit Steam coil Steam coil | Steam coil 
Cleaning temperature, °F. 170 to 210 170 to 210 160 to 180 
Cost of equipment, 
Cleaning (e) | $1000 to 3000(f) $1000 to 3000 | $1000 to 3000 
Rinsing | $100 to 500 $100 to 500 $100 to 500 


* Dimensions for barrel work are less than 6 in. on a side; for small pieces, 6 in. to | ft 


than | ft. 


.; for large pieces, more 


(a) For manually operated work carrier. (6) For hoist-operated work carrier. (c) Temperature-resistant 
plastic; steel barrels can be used if the electrocleaned parts will not be plated. (¢d) Minimum average of 50 amp. 


if parts have recesses and blind holes. (¢) Includes ventilating equipment. (y) Includes barrels. 
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stage steam-heated spray-type washing machine. 

In general, the machine consists of steam- 
heated alkaline cleaner tank, hot water rinse 
tank, and hot air drying zone housed in a steel 
shell. The shell is large enough to permit a steel 
wire mesh conveyer or vertical racks carrying 
the work to be conveyed through the machine. 
When a conveyer belt is used, spray nozzles are 
mounted above and below the belt to spray the 
cleaning solution and rinse water on the work. 
Spray nozzles may be mounted vertically to 
spray work held on vertical racks while passing 
through the machine. 

Solutions are pumped to the spray nozzles 
from their respective tanks. Tanks are baffled to 
keep the cleaning solution from the rinse tank 
and are provided with temperature controls, 
pumps, water overflow weirs, steam-heating coils 
and regulators. The machine should also have 
an adequate blower-exhaust system. 

A large proportion of the total volume of solu- 
tions used for alkaline electrolytic cleaning (as 
well as soak and spray) is in automatic plating 
machines. Here the entire cycle and machine 
may be specifically designed to process one part 
or type of part at a relatively high production 
rate. Automatic machines usually employ sev- 
eral cleaning methods. Comprehensive discus- 


Table IV — Typical Job-Equipment Relations 
for Spray-Rotary Cleaning 


SELECTION FACTOR 


SMALL Pieces* 


Production Requirements 


Number of pieces, per hr. 400 to 1000 

Area, sq. ft. per hr. 8 to 200 

Weight of pieces, oz. 2 

Area of pieces, sq. in. ; 3 to 30) 
Equipment Requirements 


lank dimensions, ft. 
Cleaning 
Rinse 
Tank volume, gal. 
Cleaning 
Rinse 
Cleaning time, min. 
Rinsing time, min. 
Pump capacity, gal. per min. 
Nozzle type Flat-jet or V-jet 
Nozzle pressure, psi. 15 to 25 
Drum size, in. 24 
Drum speed, rpm. 2 to 5 
Heat source Steam coil or 
immersion burner 
Operating temperature, °F. 170 to 190 


*Dimensions of | ft. or less on a side. 
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sion of all the aspects of alkaline electrolytic 
cleaning in automatic machines is not practical 
here. However, the proper application of alka- 
line electrolytic cleaning is essential for the 
success of nearly all processes (especially plat- 
ing) which employ automatic processing ma- 
chines. The data reported in Table III are for 
typical production jobs rather than recommen- 
dations for specific production requirements. 

Because of the high operating temperatures 
and the liberation of hydrogen and oxygen in 
an explosive ratio, all electrolytic cleaning tanks 
should be adequately ventilated. Normally a 
blower-operated exhaust is suitable but, if tank 
width exceeds 3 ft., it may be desirable to utilize 
a so-called “push-pull” system. 

Spray-rotary cleaning employs a washing ma- 
chine equipped with a rotary drum of perforated 
steel for conveying the work through the ma- 
chine. The drum is mounted so that it slopes 
toward its exit end. A stationary steel tube or 
header pipe provided with spray nozzles is 
mounted horizontally in the center of the drum 
through which the alkaline cleaner and rinse 


Table V — Typical Job-Equipment Relations for 
Spray-Rotary Brush Cleaning 


SELECTION FAcToR LARGE Pieces 


Production Requirements 


Number of pieces, per hr. 600 to 700 
Area, sq. ft. per hr. 2000 
Weight of pieces, }b. | 4 

Area of pieces, sq. ft. 3 


Equipment Requirements 


Tank dimensions, ft. 
Cleaning 13 X¥ 3% XK 2M deep 
Rinse 13 X 3% XK 2% deep 
Tank volume, gal., 
Cleaning 400 
Rinse 400 
Cleaning time, sec. 30 to 40 
Rinsing time, sec. | 15 
Pump capacity, gal. 75 
Nozzle type V-jet or flat-jet 
Spray pressure, psi.(a) 15 to 25 
Type of brush Nylon, Tampico 
or equivalent(6) 
Chain-driven 
mesh belt 
Conveyer speed, ft. per min, | 40 to 60 
Heat source Steam coil or 
immersion burner 
Operating temperature, °F. | 180 to 200 


Type of conveyer 


*Dimensions greater than | ft. on a side, 
(a) Pressure at pump. (6) Life of brushes is 3 to 6 
months. 
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Table VI — Approximate Relative Costs in Metal Cleaning 
Typical Cost Relations for Cleaning Steel Parts in Large Quantities* 


| | | Totat or Initia 
Mernop Disrosat| Water | ENERGY | ‘Over. Cotumns | Cost or 
Lasor | Labor RIAL TENANCE | HEADTt d 
| | | | | TO Lert | Equipment 
7 
Vapor degreasing 2 & @ 2 20.6 50 
Solvent cleaning (tank) | 5 2 9 0 0.6 0.4 x 4 19.0 10 
Alkaline cleaning | 
Tank, hot | 6 2 4 2 16.6 15 
Spray, hot 5 2 2 1.2 | 3 | O89 2 16.1 | 40 
Electrolytic | 6 | 2 4 | l 2 Ss | 2 7.9 70 
Emulsion cleaning | | 
Spray, hot | 5 | 2 13 | ) 


water are pumped from a reservoir tank heated 
by steam coils. The parts are sprayed as they 
travel through the drum and the solutions are 
drained back into the tank. The three stages in 
the machine are normally hot alkaline cleaning, 
hot water rinse and hot air drying. Equipment 
for typical jobs is described in Table IV. 

This type of washing machine and process is 
suitable for small punch press and machined 
parts for fast removal of cutting and drawing oils 


Large Parts Prior to Phosphating 


Table VII — Typical Costs Per Square Foot for Soak Cleaning 


Production rate: 20,000 sq. ft. per month* 


* Numbers in the first eight columns are on the same scale. Numbers in the final column (initial cost of equip- 
ment) are on a scale of 100 for comparison in that column only, and have no relation to the scale used in other columns. 
tOverhead, shown as a nominal minimum is the same for all processes. It will usually vary more with local con- 
ditions than the factors shown in the six columns to left. Source: 1955 Supplement to ASM Metals Handbook, p. 170 


prior to assembly or subsequent processing. It 
has the advantage of processing large quantities 
of small irregularly shaped parts at low cost. 
Mild alkaline cleaners with good wetting and 
low foaming characteristics are used. 
Spray-rotary brush cleaning, in a typical ap- 
plication, would be used for cleaning flat sheet, 
blanks and coil stock prior to the application of 
coatings for a press-forming operation. In such 
an application, a conventional four-stage wash- 
ing machine is employed. This 
is equipped with a rubber belt 
to convey the work through the 
rotary brush spray cleaning and 


ITEM 


rinsing stages, a steel wire mesh 


Cost Per belt to convey the work through 


Square Foor 


Utilities 
Water: 4.04 gal. per sq. ft. @ $0.00009 per gal.(a) 
Gas: immersion burner heating costs at $5.50 per day 
Material 
Cleaner: 1000 lb. per month @ $0.13 per Ib. 
Direct labor 
Indirect labor 
Solution make-up, 2 hr. per month @ $2.00 per hr. 
Solution additions, % hr. per day 
Maintenance 
Labor to clean tank, 6 hr. per month @ $2.00 per hr. 
Labor to maintain equipment 
Pipefitter’s time 5 hr. @ $2.40 per hr. ($0.0006) 
Electrician’s time 2 hr. @ $2.00 per hr .($0.0002) 
Labor for solution analysis, % hr. per day @ $2.50 per hr. 


a soap-coating zone and a drying 
oven. Typical job-equipment re- 


$0.00036 lations are shown in Table V. 
seaaaaided Steam gun cleaning is em- 
0.00650 ployed on parts too large for 


(b) existing tank and spray equip- 
ment, or parts to be cleaned in 


Total cost per month 


eomed a quantity too small to justify 

00055 investment in special equipment. 

0.0006 Steam guns are relatively inex- 

pensive and can be operated 

from the central steam line or 

0.0008 from auxiliary steam-producing 

0.0013 

— —— equipment. Also the steam- 
$0.01606 

cleaning equipment can be made 

$321.20 portable and used outdoors. 


*Costs based on 16-hr. day, 21 days per month. 


(+) Cost of racking charged to phosphating. 
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(a) Make-up, 3000 gal. plus 500 gal. daily loss—13,500 gal. per 
month; rinse overflow, 200 gal. per hr.—67,200 gal. per month. 


When operated inside, an ex- 
haust hood should be used. A 
separate tank, preferably heated, 
is required for the alkaline 
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cleaning solution. An injec- 
tor nozzle mixes the solu- 
tion with the steam. Suffi- 
cient heat may be produced 
from the steam to dry the 
parts. Rinsing is unnec- 
essary except when the 
residue from the alkaline 
cleaner would interfere 
with subsequent opera- 
tions. The steam gun is 
heavy and tiring to the 
operator for continuous 
work and a rope and pulley 


Table VIlI—Typical Costs for Alkaline Spray Cleaning prior to Nickel 
Plating Production Rate: 79,750 Sq. Ft. Per Week* 


ITEM 
WEEK 


Cost Per | Cost Per 


Sq. Fr. 


Utilities 
Water: Make-up and rinse, 
10 gal. per min. @ 0.90 per 1000 cu. ft. 
Steam: 1300 Ib. per hr. @ $1.50 per 1000 Ib. 156.00 
Electricity: 17,100 watts @ $0,009 per kwh. 12.30 


Ls. Per | Cost Per | Cost Per 
WEEK 100 Le. Week | 
| 


Materia! 


Cleaner 625.25 $6.45 $40.33 | 
Metasilicate 68.25 | 7.05 4.81 


$ 5.76 | $0.00007 


0.00195 
0.00015 


arrangement or other coun- 
terbalancing device should 
be considered. 

The concentration of the 
cleaning compounds may 
vary from % to 2 oz. per 
gal., depending on the type 
of soil and surface to be 
cleaned. 


Direct labor 
Indirect labor 


Maintenance 


Equipment 


Equipment Construction 


Total costs 


Sodium hydroxide 51.75 | 6.17 3.19 48.33 0.00061 


| (a) (a) 


Solution make-up, additions, analysis, material 
handling—255 min. per week @.$2.10 per hr. 8.93 | 0.00011 


Labor to clean tanks, nozzles, and 
screens, 16% hr. per week @ $2.00 per hr. 33.00 | 0.00041 


| 


Pipe fitting, material and labor $0.90 | 
Machinist's labor 
Electrician’s labor 


0.50 
2.10 | 3.50 | 


| $267.82 | 


0.00004 
$0.00334 


Except for the fact that 
spray (Fig. 1) and elec- 
trolytic (Fig. 2) methods 
employ spray heads or elec- 
trodes and therefore may require a tank size 
different from that for soak cleaning, the tanks 
are essentially similar for each method of 
cleaning. 

Carbon steel makes a suitable container for 
alkaline cleaning solutions. Linings are some- 
times used to prevent contamination of the solu- 
tion and to insulate against stray electrical cur- 
rents if the tank is part of an automatic system 
having either an electrolytic cleaning or an elec- 
troplating cycle. Hot rolled mild steel plate is 
used for tank construction, the minimum thick- 
ness of the plate being % in. for a small tank 
(3 x 6 x 3 ft. deep). Tanks 6 ft. deep or more 
require thicker walls, horizontal braces, and 
buttresses to brace the sides. All tanks should 
have a rim of angle iron or other structural shape 
welded to the upper edge of the sides for rein- 
forcement and for supporting equipment and 
accessories. Tank joints should be double 
welded and the tank bottom should be pitched 
to assist draining and washing out of solids and 
sludge. 

An overflow dam located opposite the oper- 
ating side of the tank provides a means for dis- 
posal of soil skimmed from the top of the clean- 
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*Costs based on 16-hr. day, 5 days per week. 
(a) Cost of racking charged to plating. 


ing solution. A manually operated valve in the 
drain for the overflow dam is used to prevent 
loss of solution when large parts are cleaned. All 
valves controlling drainage and water, steam, gas 
and air to the tank should be located for safe 
accessibility. 

Tank heating is by means of a steam coil or 
immersion burner. These should be located on 
the operating side of the tank so that the rolling 
action imparted to the solution by convection 
currents is toward the back of the tank. Shields 
with 3-in. diameter holes on 6-in. centers are 
often placed in front of the heating units to 
increase the agitation. 

The steam coil and the containing tube for the 
immersion burner should be constructed in the 
form of an S, and of a size to allow 4 in. of solu- 
tion above and below it. The steam coils and 
burners should be capable of heating a solution 
to operating temperature within 2 hr. 

Agitation stronger than the convection cur- 
rents caused by steam coils and burners can be 
obtained with impellers, recirculative centrifugal 
pumps, or by an air line with an outlet at the 
bottom of the tank. The air can be supplied by 
a low-pressure compressor or by the factory 
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high-pressure line if it is filtered and a safety 
valve is installed at the cleaning tank to prevent 
the solution bumping out because of surges in 
pressure. Excessive agitation will cause alkaline 
cleaning solutions to foam but this can be con- 
trolled through proper selection of surface active 
agents, particularly the nonionics. 

Ventilation, required for all cleaning tanks, is 
most effective with a push-pull system in which 
fresh air is forced over the operating side of the 
tank and drawn at the back of the tank. Exhaust 
hoods placed at the back of the tanks will give 
efficient service if the suction is at least 100 cu.ft. 
of air per min. per sq.ft. of surface area of cleaner. 
If a push-pull system is used, it should move air 
across the surface of the tank at a minimum rate 
of 75 cu.ft. per min. per sq.ft. of surface area. 


Equipment Maintenance 


‘Alkaline cleaning equipment made of steel 
usually offers no serious maintenance problems 
because the solutions retard rusting. The mov- 
ing parts, motors, pumps, heating equipment, 
nozzles, screens, and conveyers are potential 
sources of trouble. Systematic maintenance will 
help prevent costly downtime during production. 
Maintenance of soak equipment requires pre- 
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Fig. 1— Multistage Spray Cleaning Unit. 
Lengths are based on a conveyer speed of 10 
ft. per min. Although the initial cost of equip- 
ment is usually high, spray cleaning is justified 
by the high production rate which is possible 


ventive measures as follows: (a) Steel tank 
exteriors should be protected with an alkali 
resistant paint. Inaccessible surfaces of tanks on 
automatic machines should be given corrosion 
protection at the time of installation if removal of 
the tank for maintenance is too expensive. 
Rubber-lined, plastic-lined, or stainless steel 
tanks may be used. Tank interiors should be 
thoroughly cleaned of sludge each time the solu- 
tion is dumped. (b) Steam coils require thor- 
ough cleaning at least once a year or whenever 
the caking of deposits seriously hampers the 
transfer of heat. (c) Piping should be protected 
with an alkali-resistant paint. (d) Temperature 
control elements should be cleaned each time the 
solution is dumped. (e) Hood interiors should 
be steam cleaned at three-month intervals to 
maintain an efficient rate of exhaust. An alkali 
resistant paint should be applied to outside hood 
surfaces. 

Spray equipment should receive preventive 
measures as follows: (a) Tank maintenance as 
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Fig. 2—Essential fea- 
tures of a Typical Electro- 
cleaning Tank. Porcelain 
insulators are attached 
to the bottom edges of 
the electrodes to prevent 
contact with the tank sides 


given in the schedule for the soak method. 
About once every three months, the tank interior 
should be washed with an inhibited acid to re- 
move accumulated solids. The tank is then 
thoroughly rinsed with water and flushed with an 
alkaline solution to neutralize any remaining 
acid. (b) Spray nozzles should be inspected each 
day for adjustment of the spray pattern. Nozzles 
should be removed and cleaned at least once each 
week by soaking in an inhibited acid or chromic 
acid. (c) Screens require daily cleaning. Heavier 
soil or soil containing lint, excelsior or other mate- 
rial that clogs the screen will require removal 
more often. Badly clogged screens can be blast 
cleaned with fine shot. (d) Risers require flush- 
ing out at least once each week. They should be 
cleaned of scale at least once a year. (e) Pumps 
should be inspected every two months and dis- 
mantled at least once a year for minor repairs 
such as replacement of packings and glands. (f) 
Temperature recording equipment should be 
tested every two months. (g) Heating systems 
(whether closed steam coils, live steam or elec- 
trical immersion heating elements) require in- 
spection and cleaning at least once a year. 
Electrolytic equipment components needing 
periodic attention are: (a) Bus bars and contact 
points should be scrubbed lightly with emery 
cloth at the beginning of each shift, and more 
thoroughly once a week and when the solution is 
dumped. (b) Electrodes should be cleaned at 
the time the solution is dumped. (c) Tempera- 
ture control elements should be cleaned at the 
time solution is dumped. (d) Rectifiers need to 
be inspected weekly and completely cleaned and 
repaired once a year. (@€) Motor-generator sets 
need to be inspected weekly. (f) Electric meters 
should be checked for accuracy once a year. (g) 
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Racks need to be cleaned and inspected each 
work shift. (h) The heating system should be 


cleaned and inspected at least once a year. 


Cost of Equipment 


Although the selection of an alkaline cleaning 
method, or combination of methods, is influenced 
by the kind of soil to be removed, the size, shape, 
and weight of the work, kind of material being 
cleaned, and the nature of subsequent opera- 
tions, the most important single factor is the 
volume of work to be processed. Automation 
and semi-automatic multi-stage methods are justi- 
fied when the volume is great enough to amortize 
the equipment cost and obtain savings through 
reduced labor. 

A cleaning job should first be evaluated to 
establish the requirements from a cleaning stand- 
point. Then the most economical method should 
be selected to meet these requirements. 

Approximate relative costs for tank, spray and 
electrolytic cleaning of steel parts in large quan- 
tities are listed in Table VI, in comparison with 
vapor degreasing, solvent cleaning and emulsion 
cleaning. The three cost examples dealt with in 
Tables VII, VIII and IX may serve as a rough 
guide in predicting costs for similar applications. 


Cost Examples 


In Table VII, costs are reported for soak clean- 
ing large parts prior to phosphating. Because the 
number of square feet of work put through the 
machine was limited by the longer cycle of the 
phosphating operation, the time inside the ma- 
chine was great enough so that cleaning could be 
done at no extra labor cost for handling. 

Table VIII gives the costs for spray cleaning 
prior to nickel plating. The system has two lanes 


111 


"Overflow Dam 


Table IX — Typical Costs of Electrolytic Cleaning 


Cost Per 10,000 So. Fr. CLEANING 
ITEM : TANK |* | Tank 1-A* | TANK 2* | Tank 3* 
| TaAnK | | Tank I-A | Tank 2 | Tank 3 
ns Water for rinsing and make-up 
Gal. per min. 10 10 5 
Hours | 16 16 24 
Cost per week | S76 5.76 | 864 | 4.07 
4 Cost per 1000 cu. ft. 0.90 0.90 0.90 0.85 2.40 1.54 1.08 4.07 
” Steam: lb. per hr. 100 110 135 | 35 | 
: Hours 24 24 | 24 
4 Cost per 1000 Ib. «1.50 1.50 1.50 | 1.15 
: Cost per week | 18.00 19 80 24.30 4.83 7.50 5.29 |} 3.05 4.83 
Electricity: amp. per sq. ft. | 23 23 | | 50 | 
Hours | 0.035. | 0.035 0.058 | 0.033 
Voltage | 6.4 | 10.0 8.0 6.0 
wt General efficiency 0.75 | 0.75 0.75 0.75 
Cost per kw-hr. 0.009 | 0.009 0.009 | 0.01 0.62 0.97 | 1.67 1.33 
Materials, additions and make-up 
Cleaner, lb. 220 | 100 | 70 
Cost per 100 Ib. 6.50 | 7.25 7.25 | 10.00 | 5.96 194 | 6.54 7.00 
5 NaOH, lb. 52 | 
: Cost per 100 Ib. 4.00 | 6.14 0.86 0.62 
Wetting agent, lb. 0.9 l 
Cost per 100 Ib. 30.00 30.00 | 0.11 0.08 
Indirect labor | 
Initial make-up, min. per week 30 30 | 30 
Cost per week 0.90 1.00 2.00 | 1.00 0.38 0.27 0.25 | 1.00 
Additions, min. per week 50 15 100 } is | | | 
Cost per week 1.50 0.50 3.30 0.50 0.62 0.13 | 0.41 0.50 
Analysis, min. per week 75 75 | 15 
Cost per week 2.20 2.50 2.50 0.75 0.94 0.67 0.31 0.75 
Material handling, min. per week 12 12 
Cost per week 0.35 0.40 0.70 0.15 0.11 0.09 
Maintenance of equipment 
Pipe fitting, material and labor 0.80 0.90 0.90 0.40 0.33 0.24 | 0.11 0.40 
Electrician, labor 0.90 1.00 1.00 0.40 0.38 0.27 | 0.13 0.40 
Machinist, labor 1.90 2.10 2.10 0.20 0.79 0.56 0.26 0.20 
Total costt per 10,000 sq. ft. cleaning 21.04 12.07 14.52 20.48 


t Does not include cost of racking or of unloading 


and is loaded manually. The racks continue on 
the same conveyer through subsequent opera- 
tions of cleaning and plating to the unracking 
position. This cleaning machine was installed to 
reduce cleaning costs. The cleaning operation 
presented an installation problem because it was 
necessary to fit the machine in a small space. 
The number of nozzles per unit length is greater 
than normal, and thus more than the normal 
amount of cleaner is sprayed in comparison to the 
holding capacity of the tank. 

Production rates in this machine vary over the 
following ranges: 


APPROXIMATE MAximuM Parts MAximumM Parts 


SIZE Per Rack Per Hr. 
8 x 8 x 8 in. 6 900 
% X 3 in. diam. 56 8400 
Average rate: 2000 parts per hr. or 1000 sq.ft. per hr. 
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*Capacity of tanks per week: Tank |: 24,000 sq. ft.; Tank 1-A: 37,400; Tank 2: 79,750; Tank 3: 10,000 sq. ft. 


Labor costs, which were charged to the 
plating operation, would be the largest single 
item if the washer were not an integral part of 
the plating line. An average of 40 man-hours 
would be needed to rack, unrack and handle 
parts on each shift for this volume of work. For 
two shifts per day, at $2.10 per hr. and 79,750 
sq.ft. per week, labor costs would be $840 per 
week, or $105 per 10,000 sq.ft. —that is, about 
three times as much as the total of all other costs 
shown. The importance of incorporating the 
washer into a conveyerized line becomes obvious. 
The method would allow the operator to act as 
racker and directly place the part into the clean- 
ing cycle. 

Depreciation costs on equipment can be esti- 
mated on a straight-line basis for 15 years. 
Original cost of equipment, including installa- 
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tion, is $9000; cost per 10,000 sq.ft. is $1.45. 
Most accounting departments lump this and 
other costs into an overhead figure or percentage 
of direct operating costs. As some items are al- 
ready included in the table, a figure approxi- 
mately 20% greater than the totals would cover 
all other costs. 

Production at other rates can be estimated 
from these cost figures. However, cutting pro- 
duction in half would not cut all costs propor- 
tionately. At this production rate, steam required 
would be about two thirds that at full production, 
assuming the same tank volume; solution mainte- 
nance would be lessened by 25 min. each day, 
equipment maintenance by the same amount; 
labor to clean equipment would be brought down 
to about two thirds. 

Electroplating requires a prior electrolytic 
cleaning method. In the examples shown in 
Table IX costs shown are only those of the elec- 
trolytic cleaning and subsequent water rinse, 
even though the electrolytic method normally 
follows soak or spray cleaning. The table com- 
pares the cost distribution for three electrolytic 
tanks. All information on Tanks 1 and 2 has 
been averaged and computed on the basis of a 
16-hr. day, five-day week. Tank 3, at a different 
plant, has been averaged and computed on the 
basis of a 24-hr. day, five-day week. 

Tank 1 follows a soak cleaning system and is 
used to clean buffed copper parts. The two 
different production volumes for Tank 1 and 
Tank 1-A indicate the variation in the cost of 
operating this tank with a change in cleaner and 
a change in production. The parts measure 
5 x 6X Qin. 

Tank 2 handles both steel and buffed copper 
plated parts. It is preceded by a spray system 
for removing the more readily observed soil, such 
as oil and heavy buffing compounds. Parts proc- 
essed in this tank are not larger than 2 x 2 x 1 ft. 
Tank 3, which employs a hoist for handling the 
racks, is used to clean steel parts that have been 
processed through a vapor degreaser to remove 
corrosion-preventive compounds. Parts vary in 
size from 2 X 2 X 4 in. to 2 2 3 in. 

Table IX shows electrolytic cleaning to be less 
costly than the soak or spray cleaning operations 
dealt with in Tables VII and VIII. This can be 
misleading unless it is realized that the example 
of Table IX applies only to the electrolytic clean- 
ing and water rinse. These supplement other 
cleaning operations in the same production line. 
The bulk of the soil was removed in the earlier 
processing, which accounts for the low mainte- 
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nance, fuel consumption and material costs 
shown for the subsequent electrolytic cleaning 
operation. 


Hazards With Electrolytic Cleaning 


Certain hazards are inherent in electrolytic 
cleaning because of the evolution of large 
volumes of gases. The noisy implosions or 
“banging” commonly experienced in electrolytic 
cleaning are nearly always the result of violent 
combination of oxygen and hydrogen in the 
presence of a spark. Also, the oil trapped in the 
foam can produce flames and smoke. This can 
be controlled or eliminated by keeping the foam 
blanket on the cleaning tank shallow enough to 
prevent excessive entrapment of these gases 
without defeating the normal function of the 
foam blanket in protecting personnel from the 
toxic effects of caustic mist. An auxiliary blower 
may be used advantageously to blow some of the 
foam away from the area where parts are im- 
mersed and removed. Sparks may be caused by 
an arc between opposite electrodes or between 
the electrodes and the electrolyte but they are 
usually associated with the immersion or re- 
moval of the rack from the solution. 


Tests for Cleanliness 


The final evaluation of the effectiveness of an 
alkaline cleaner should come from a performance 
test. There are eight well-known methods of 
determining the approximate cleanliness of the 
work surface: 

1. The water-break test is a simple one which 
is widely used in industry. It consists of dipping 
the work into clean water to reveal a break in the 
water film in the soiled area. Since the test 
depends on the thickness of the applied water 
film, which cannot be controlled, false results can 
be obtained because of Dralging of residues. A 
mild acid dip prior to testing for water break has 
been found advantageous. 

2. The Nielson method requires that ten soiled 
panels be processed individually to determine the 
time required for each to be cleaned. Panels are 
checked by the water-break test and then by the 
acid copper test. An average of the times re- 
quired to clean the ten panels is taken as a meas- 
ure of the effectiveness of the cleaning solution. 

3. In the atomizer test, panels are cleaned, acid 
dipped, dried, placed in a vertical position, and 
sprayed with an atomizer containing a blue dye 
solution. Just before the droplets begin to run 
down, the spray is stopped and the panel is 

(Article continued on p. 172) 
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Staff Report 


Magnesium 


To meet the growing demands for high performance, engineers are coming up 


... Recognition Leads to Expanding Markets 


with premium quality castings, better surface protection, and improved techniques 
for forging and welding. Keynote of the recent Magnesium Association 
convention was confidence in the potential of magnesium to move into 


A paricut Future is forecast for magne- 
sium. But the industry still has a big selling job 
to do in making the capabilities of magnesium 
known and undoing some misconceptions. Only 
then will design engineers accept the metal in 
proper perspective as an important contender 
even in those applications where it could do a 
better job than other metals. These points were 
brought out in mid-October at the 15th annual 
convention of the Magnesium Association held 
in New York. According to J. S. Kirkpatrick, 
vice-president, research and development, Brooks 
and Perkins, Inc., Detroit, “The market research 
period for magnesium is over, and the market 
development era is now starting.” 


Premium Castings 


Many advances in magnesium technology 
have come along as a result of demands of the 
missile and aircraft industry. Walter Gronvold, 
Boeing Airplane Co., Seattle, Wash., pointed out 
that the growth of casting usage in missiles and 
aircraft hinges on the availability of premium 
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expanding markets as a strongly competitive metal. (A-general; Mg) 


quality castings — those which have much 
higher mechanical properties than existing gov- 
ernment specifications require. Primarily, better 
quality means that engineers can design to 
higher allowable strength levels with confidence. 
How high is a question in which Boeing is 
interested. 

The data in Table I typify the potential im- 
provement which is possible. Compared are 
properties of AZ 91 C-T6 which must be guar- 
anteed according to government specifications 
and those which Boeing thinks are realistic in 


Table I — Guaranteed Mechanical Properties of 
AZ 91 C-T 6 Castings 


QQ-M-56 a* PremiumQuatityt 


Tensile strength 


25,500 psi. | 34,000 psi. 
Yield strength 14,500 16,000 
(0.2% offset) | 
Elongation 0.75% | 5% 


*Average of 3 or more specimens from the casting. 
+Guaranteed minimums in critical areas. 
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castings of premium quality. Obvi- 
ously, better quality places magne- 
sium in a more competitive position. 
How does a foundry produce pre- 
mium quality castings? Mr. Gronvold 
points out that generally special 
attention must be paid to close 
control of foundry variables, feeding 
and risering, directional solidification 
through more effective location of 
chills, more rigid inspection, testing 
and development, and a general de- 
sire on the part of foundry personnel 
to produce high-quality work. But 
the job is not one-sided. Designers 
must work with foundrymen if the 
full potential of castings is to be 
realized. Merely providing a drawing 
of the part, new specifications calling 
for higher guaranteed properties, and 
a demand for quick delivery encour- 
ages nothing more than late delivery, 
requests for deviations and generally 
lower quality than is potentially avail- 
able. Both designer and foundry 
suffer. Mr. Gronvold recommends 
that “responsible foundry engineers 
should thoroughly go over the pre- Fig. 1 — Comparison of Design Allowable Properties of 
liminary sketches with the designers, Four Magnesium Alloys. (Source: Boeing Airplane Co.) 
and all their suggestions should be 
seriously considered and incorporated 
in the final design so as to fully exploit the short times at elevated temperature. Specimens 
advantages of castings”. machined from larger blanks which were sup- 
Boeing has investigated the properties of pre- plied by selected foundries were heated within 
mium quality castings at rapid load rates for 15 sec. and held at temperature for 30 sec. before 
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‘eld Strength, 1000 Psi. — Tensile Strength, 1000 Psi. —— Elongation, % 


Fig. 2— Air Conditioning 
Duct for a Jet Airliner. Left, 
welded 6061 aluminum 
part; right improved design 
in the form of a chem- 
ically milled EZ 33 casting. 
Change to magnesium cast- 
ing cut weight by % lb. 
and cost by $800 per part. 
(Courtesy South Gate Alu- 
minum and Magnesium 
Co., Southgate, Calif.) 
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testing. The strengths of the 
alloys, as determined by the ten- 
sile tests at temperature, are of 
course not the properties which 
can be expected in castings. 
Rather, values somewhat lower 
than these are specified and rep- 
resent properties which can be 
guaranteed by foundries as mini- 
mums. Some of the results of 
the Boeing tests are given in 
Fig. 1 which shows the design 
allowable strengths of ZH 62 A-T 
5, HK31LA-T6, AZ91C-T6 and ZK 51 A-T 5. 

In line with its thinking on premium quality 
castings, Boeing is currently conducting evalua- 
tion tests on I-beam castings submitted in a 
cooperative program by a number of vendors. 
For each alloy, foundries were requested to 
supply castings with certain minimum guaran- 
teed properties. 

Since the I-beam casting is of standard shape, 
it will offer the opportunity after testing to com- 
pare the performance of individual foundries 
and alloys. It is expected that the I-beam test 
casting will later be used as one method of eval- 
uating the work quality of a foundry which Boe- 
ing may want to consider as a casting source. 


Static Tests 


T. C. McGill, technical director, South Gate 
Aluminum and Magnesium Co., South Gate, 
Calif., told of his company’s work in the static 
testing of magnesium castings under conditions 
which simulate loading in service. He pointed 
out that castings do not always possess cost 
advantages over other methods of fabrication. 
The competitive position of magnesium castings 
can be improved and cost reduction can be 
passed to customers. A step in this direction 
will come with realistic appraisal of the results 
of destructive tests. For one thing, they show 
that the usual extensive inspection of cast parts 
— representing 15 to 20% of the total cost of a 
casting — is not always necessary. For example, 
static tests showed that an umbilical disconnect 
casting for the Polaris missile made of ZK 51, 
although inferior in X-ray and Zyglo quality, 
was much stronger than the same casting made 
of AZ91. The ZK 51 part was loaded to 153% 
of proof stress with no evidence of yielding. 
Tests were discontinued because the test fixture 
failed. On the other hand, two AZ91 parts 
which were of acceptable X-ray and Zyglo qual- 
ity according to standards set up by the customer 
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Fig. 3 — Air Intake for North- 
rop “Talon” Lightweight 
Fighter. Intake is an AZ 91 
casting weighing 8% lb. Two 


are required on each aircraft 


failed at less than 100% of proof 
load. These results pinpoint one 
area of potential cost savings 
and more effective application of 
castings which is often limited 
by arbitrary standards of quality 
rather than performance. 

According to A. J. Iler of Norair, Hawthorne, 
Calif., “The ability of cast materials to redis- 
tribute applied stresses in sections containing 
metallurgical discontinuities minimizes the dele- 
terious effects of such discontinuities.” Static 
testing of cast magnesium airframe parts by 
Norair bears this out. Working under an Air 
Force contract, Norair tested magnesium AZ 63 
parts by simulating actual conditions such as 
imposed by in-flights loads. When tested to 
destruction, one part took 243% of the ultimate 
design load. At this time, the test apparatus 
failed but the part remained intact. It is signifi- 
cant that although 75% of the casting contained 
indications of shrinkage — a common experience 
in large-area, thin-walled castings — its perform- 
ance was entirely satisfactory. 


Experience With HK 31 Alloy 


C. P. King, Marquardt Corp., Van Nuys, Calif., 
described his company’s experience with HK 31 


Fig. 4— Transition Ring Between the Pay- 
load and Rocket Motors on the Polaris Mis- 
sile. Cast of ZK61-T5 magnesium, part 
weighs only 35 lb., a 25% weight reduction 
from the 4130 steel assembly it replaced 
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Fig. 5 — Oil Cooler Air Intake for a Recipro- 
cating Aircraft Engine. Made up of four 
AZ 91 castings, it replaces a sheet metal 
assembly which suffered fatigue failures 


alloy. Since 1952, this magnesium casting alloy 
has been used extensively by Marquardt, par- 
ticularly in ramjet engines. It contains 3% 
thorium for strength and 0.5 to 1.0% zirconium 
for grain refinement, better fluidity and less 
microporosity. The alloy is strengthened by 
precipitation hardening after solution heat treat- 
ing. Marquardt solution heat treats for 2 hr. at 
1050° F., air cools, ages for 16 hr. at 400° F. 

Airframe designers are often interested in thin- 
walled parts. For this reason chemical milling 
is gaining in importance. This technique, which 
can now be successfully applied to magnesium 
castings (Fig. 2), provides more latitude in de- 
sign. Mr. King reported that tolerances of 
+0.002 in. are possible and that, with as little 
as 0.005 in. of metal removal, the surface finish 
can be improved significantly —for example, 
from 250 to 70 rms. 

One difficulty with HK 31 is the segregation 
of thorium and zirconium. It seems to be a 
problem which can best be handled in the foun- 
dry with careful pouring and rigging techniques. 


Improved Finishing 


P. F. George, Dow Metal Products Co., Mid- 
land, Mich., discussed some of the recent de- 
velopments in finishes for magnesium alloys. 
He reports that electroless nickel is growing in 
importance as a protective finish. It covers uni- 
formly, is hard and abrasion resistant, and will 
improve the fatigue strength of magnesium alloys 
possibly as much as 20%. 

Protection of magnesium in galvanic couples 
is a tough problem to solve. Considered non- 
compatible with magnesium are steel, stainless 
steel, Monel, copper-bearing aluminum alloys, 
titanium, nickel, copper and brass. Tin has been 
getting more attention lately as a protective coat- 
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ing for magnesium. It seems superior to cad- 
mium and zinc in preventing galvanic corrosion, 
particularly in the rigorous salt-spray test. 


Anodizing and Sealing 


W. F. Higgins, Magnesium Elektron, Ltd., 
Manchester, England, described fluoride anodiz- 
ing and surface sealing of magnesium alloys. 
The primary function of fluoride anodizing is to 
remove from the magnesium surface those 
cathodic impurities which trigger corrosion. 
These are picked up in the shop during normal 
handling. As long as the magnesium remains 
clean, corrosion is no problem, but so often this 
is neither possible nor practical. A magnesium 
surface which has been anodized also makes an 
excellent base for paints and varnishes. 

Generally, surface sealing is intended to com- 
pletely fill surface imperfections with a water- 
proof resin. By so doing, it protects the metal 
from chemical attack. The process requires that 
all moisture be removed by heating prior to the 
application of the resin. Thickness of one coat- 
ing is about 0.0003 in. Protection is increased by 
multiple coatings although the thickness does not 
increase at the rate of 0.0003 in. per coating. It 
reduces corrosion at the joints between dissimilar 
metals and at joints where water seepage is a 
problem. 

W. A. Hamilton, Lockheed Aircraft Corp., 
Marietta, Ga., described his work with forgings 
of HM 21 alloy which is of interest to Lockheed 
primarily because of its high-temperature proper- 
ties. Forgeability tests reveal that the alloy is 
sensitive to grain orientation. If deformed at 
right angles to elongated grains resulting from 
extrusion, cracking is a problem. High pressures 
are required when forming thin webs. The alloy 
also tends to flow laterally when forged. Dis- 
tribution of the metal during blocking should be 
regulated by die design so that vertical flow will 
occur in the finish operation. 

Two characteristics common to magnesium 
welding were brought out by C. R. Sibley, Air 
Reduction Sales Co., Union, N. J. In consum- 
able-electrode arc welding, the melting rate of 
the wire is high. Wire also takes on an oxide 
coating during storage. Melting rate may be 
slowed down by small additions of rubidium or 
cesium. More work is needed here. 

Progress has been made in solving the oxide 
coating problem by redesigning the contact tube 
of the arc welding equipment. The new tube 
insures better contact with the wire and thus 
decreases electrical resistance. rs) 
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Book Review 


THe METALLURGY OF VANADIUM, by 
William Rostoker, John Wiley & Sons, 
Inc., New York, 1958. 185 p. $8 50 


Te re rere implies that this book presents 
a full story of vanadium, the author quickly cor- 
rects this in his preface: “This book is a progress 
report... The state of knowledge of alloying 
and physical and mechanical properties of vana- 
dium is far from complete ... It cannot be 
said that the presently known properties of the 
metal and its alloys have generated much atten- 
tion. In fact, ... vanadium has not been used 
for any industrial purpose.” 

The preface sets the stage for the principal 
value of the book, namely, as a guide to the prob- 
lems, merits and shortcomings of vanadium as 
a metal and alloy base. The author has assem- 
bled many bits and pieces of data which, collec- 
tively, present a good and reasonably up-to-date 
account of the status of vanadium. 

The first chapter, about extractive metallurgy, 
describes clearly a number of processes for 
recovering vanadium. It does not differentiate 
between those processes which are commercially 
satisfactory, those which are in a research phase, 
or those studied speculatively. Some border- 
line processes have been given extensive treat- 
ment, perhaps more than they deserve. How- 
ever, the researcher may appreciate the author's 
treatment, since production methods have not 
yet been standardized. 

The second chapter relating to physical prop- 
erties of vanadium seems reasonably complete 
and is crammed with the sort of data needed to 
appraise the metal for new applications. 


*Vice-President, Research, Union Carbide Metals 
Co., a division of Union Carbide Corp., New York. 
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A Contribution to Vanadium Technology 


Reviewed by ARTHUR R. LYTLE* 


It is when we approach the next topic, the 
constitution of vanadium alloy systems, that we 
realize how thin is our knowledge of vanadium 
as an alloy base. Thirty-nine binary and eight 
ternary systems are reported but the data con- 
cerning most of them are very sketchy. Fourteen 
equilibrium diagrams, however, show each sys- 
tem in satisfactory detail within the areas of cur- 
rent interest. Again, the wide gaps in the great 
majority of these systems should open the door 
to profitable study. 

The book contains an appreciable amount of 
data relating to mechanical properties since the 
effects of interstitial elements and work harden- 
ing are so important. But in the area of property 
determination only a beginning has been made. 
Here, as the author states, “It will be apparent 
... that the state of alloy development is still 
in its early stages... The mechanical properties 
of vanadium alloys can be varied over unusually 
wide limits, yet not to such optimum levels as 
to make it outstanding above all other metals.” 
It is interesting that there are only six technical 
references in this section. Most of the curves are 
trend curves and need substantial confirmation. 
The work, however, shows the promise of vana- 
dium-base alloys containing up to 50% titanium. 
Some of these alloys possess an ideal combination 
of low room-temperature strength and high duc- 
tility, high elevated-temperature strength and 
nonheat-treatability. Cost is a critical factor. 
In general, there is a dearth of information about 
creep behavior of vanadium and its alloys. 

As an indication of the difficulties that arise 
in presenting data in book form at a relatively 
early stage in the development of metals, several 
inconsistencies appear in the last two chapters. 
(Book Review continued on p. 172) 
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l Progress in Titanium 


An Age Hardening Titanium Alloy 


By V. C. PETERSEN, H. B. BOMBERGER 
and M. B. VORDAHL* 


Titanium with the proper additions of aluminum, vanadium and chromium 
remains 100% beta as it solidifies and cools to room temperature. 

Easily formable in this condition, it can be readily age hardened 

by heating at 850 to 950° F. This new alloy offers much promise 

in aircraft applications. (N7c, Q-general; Ti-b) 


Tue New BETA TITANIUM ALLOY, B-120 from commercial grade titanium as the 18-8 aus- 
VCA, has the highest strength and best form- __ tenitic stainless steel is from plain carbon steel. 
ability of any titanium base alloy developed to With a nominal composition of 13% V, 11% Cr 
date. In fact, we believe it is as far advanced and 3% Al, balance titanium, the structure is 
100% beta. Like austenitic steel, the high-tem- 


perature crystalline form is preserved to room 
num. The dashed line at 3% indicates the in titanium because the beta phase has excellent 
phase relation for the alloy composition formability and can be aged to high strengths at 


conveniently low temperatures. With this com- 
bination of properties, there is naturally a great 
deal of interest in it. This article is intended to 
answer some of the many queries concerning its 
development. 

In devising a beta alloy, the main problem is 
to stabilize the beta phase effectively. For this, 
much alloy is needed, yet if the additions are too 
large, the resulting composition is difficult to 
work, undesirably dense, or too expensive. 
Other important limiting factors concern melt- 
ing, segregation and oxidation rates. All of these 
different factors had to be taken into considera- 
tion in working out the composition of this 
titanium alloy. 


*Mr. Petersen is research metallurgist, Mr. Bom- 
berger is supervisor, fundamental research section, 
and Mr. Vordahl is chief research metallurgist, Mid- 
land Research Laboratory, Crucible Steel Co. of 
America, Midland, Pa. 
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To begin with, the phase relationships and 
transformation characteristics were determined*. 
Since the important elements in this alloy are 


*As to laboratory method, samples were heat 
treated in evacuated Vycor capsules with schedules 
based on a log-time plot. Times, which varied from 
10 hr. at 1500° F. to 1000 hr. at 900° F., were chosen 
to cover all conceivably useful heat treatments. 
They did not necessarily yield true equilibrium. An- 
other factor: Since the alloys used to determine these 
diagrams were prepared from iodide titanium, the 
transformation temperatures on material prepared 
from commercial titanium sponge may be expected 
to run about 50° F. higher. 


‘omium, Wt. % 


vanadium, chromium and aluminum, the dia- 
grams of these three are shown in Fig. 1, 2 and 
3. These charts can be analyzed best by dis- 
cussing the functions of each alloying element 
by itself. 

Aluminum, normally an alpha stabilizer, serves 
a multiple purpose in this alloy. First, it makes 
the use of vanadium economically feasible be- 
cause alumino-thermic vanadiumt can be used. 
Aluminum also makes transformations at less 


tAlumino-thermic (or thermite) vanadium is va- 
nadium reduced from its oxide with aluminum metal. 
Nominal composition: 85%V, 15% Al. 


Fig. 2— Vertical Section 
of Alloy Phase Diagram 
With Variable Vana- 
dium. Again, dashed 
line indicates phase rela- 
tion for alloy composition 


Fig. 3 — Vertical Section 
of Alloy Phase Diagram 
With Variable Chromi- 
um. Dashed line at 11% 
indicates phase rela- 
tion for alloy composition 
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Fig. 4 — TTT-Chart for B-120 VCA. Note that prior 
cold rolling sensitizes the alloy so that transition 
time is increased five or sixfold. In the unworked 
condition, transition at the nose is slow enough so 


that air cooling is permissible. Microstructures are 
at 300 x. Etchant: 1% HNO, and 2% HF in water 


than 600°F. more sluggish. Actually, this 
effect is inferred. At low temperature, aging 
embrittlement decreases when small amounts 
of aluminum are added. (The lowered embrit- 
tlement may, of course, be due in part to de- 
creased omega formation. ) 

Aluminum also furnishes additional solid solu- 
tion strengthening, improves oxidation resis- 
tance, and promotes formation of the alpha phase 
during aging above about 600° F. Through the 
latter function, strength of the aged product is 
raised with less increase in transition tempera- 
ture then would be caused by most alpha 
stabilizers. 

In the solution-treated condition, however, cold 
formability decreased with increasing aluminum. 
Furthermore, the development of good aged 
properties becomes increasingly dependent upon 
suitable processing. As a compromise, the 3% 
level for aluminum appears to give the best com- 
bination of properties; thus, it is the amount used 
in our new alloy. 

As an alloying element in titanium, vanadium 
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is classified as “beta-isomorphous”, a term which 
signifies that it stabilizes the beta phase without 
forming a eutectoid compound. Thus, as Fig. 2 
shows, increasing the vanadium content stabilizes 
the beta phase, lowers the beta transus, and re- 
duces the TiCr. rejection temperature. The 
latter feature is believed to help improve stability. 
However, when vanadium is increased beyond 
a certain point in titanium alloys, oxidation re- 
sistance decreases. Therefore, an additional ele- 
ment is needed to stabilize the beta phase further. 

Of three nonvolatile and otherwise logical 
additions, chromium, molybdenum and _ iron, 
chromium was chosen as most suitable. In our 
alloy, chromium strengthens and stabilizes the 
beta phase, and contributes somewhat to oxida- 
tion resistance. It also forms the eutectoid com- 
pound TiCr, on aging. Figure 3 shows that, 
for the alloy with 13% V, 11% Cr and 3% Al, the 
beta decomposition proceeds as follows: 

B>B+a> B+a+t TiCrs 
Formation of the TiCr, is quite sluggish; this 
extends the hardening reaction during aging. 

At 11% chromium, the composition approaches 
the critical region where the beta decomposition 
reaction changes from: 

B>B+a> B+a+ TiCr. 
to: B> B+ TiCre> B+a+ TiCr. 
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Table I — Properties of B-120 VCA Mill Products 


Srrip SHEET PLATE Bar 
Thickness, in. 0.010 0.038 7 0.385 | 0.600* 
Condition Cold rolled | Solution treated Solution treated | Solution treated 
Aging cycle 24 hr. at 800° F. | 72 hr. at 900° F. | 48 hr. at 900° F. | 72 hr. at 900° F. 
Tensile strength, psi. 256,800 216,000 | 214,600 186,700 
Yield strength, psi. 244,000 197,000 200,000 165,600 
Elongation 3.2% 6.0% 3.5% 12.0% 
Reduction in area -—- | 14.0% | 6.3% | 19.8% 
* Diameter. 


With this latter reaction, there is a decrease in 
the workability. Thus, for ductility, chromium 
content should not exceed 13%. 


Air Cool to Beta 


The isothermal transformation diagram de- 
termined for its alloy is presented in Fig. 4. All 
samples were betatized (mill annealed, that is) 
and air cooled before transformation. This 
diagram serves as a guide for the choice of 
annealing or solution-treating temperatures and 
in establishing suitable aging cycles. According 
to the curve, this alloy transforms most rapidly 
at 1100°F. Since transformation begins in 30 
min, at that temperature, it is apparent that the 
alloy need only be air cooled from the solution 
temperature, rather than quenched, to retain the 
beta phase. Therefore, liquid quenching facili- 
ties are not needed. This sluggish beta reaction 
is also useful in welding because both weld and 
base metal retain the ductile beta form. 

The TTT characteristics of this alloy are 
changed considerably by cold working, as is 
seen in Fig. 4. A 25% cold reduction results in 
a five to sixfold increase in the rate of alpha 
formation. 

The TiCr. rejection curve in Fig. 4 was deter- 
mined by X-ray diffraction, since alpha and TiCr. 
are quite fine at low temperatures (900° F.) and 
therefore appear alike tu the eye. Generally, 
X-ray diffraction is not as sensitive for phase 
detection as optical metallography. The latter 
method was used in determining the beta to 
alpha + beta line. Since the TiCr. curve repre- 
sents about a 5% TiCr» rejection, the strengthen- 
ing effect occurs sooner than indicated. 


Omega Not a Problem 


On some alloys of this type, beta decomposi- 
tion to alpha is not direct, but is accompanied by 
the formation of a transitional phase termed 
omega. This phase has been found in alloys 
of titanium with manganese, chromium, iron, 
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molybdenum, and vanadium (the beta-stabilizing 
elements) when they are present in amounts suffi- 
cient to retain some beta on quenching. The 
chromium and vanadium formulation of this 
alloy would therefore suggest the formation of 
omega on aging. 

Actually the alloy ages so slowly in the 800 to 
950° F. range generally used that there should 
be no large concentration of the omega phase 
at any one time. Therefore, it should not be 
troublesome. In fact, omega has not been de- 
tected when the alloy has been treated by any 
of the normal processing methods. 


Mechanical Properties Are Excellent 


Primarily designed for sheet, this alloy natur- 
ally attains its best properties in that form. Thin 
sections are believed to behave better than 
heavier sections because they have a greater 
amount of cold work. This means greater struc- 
tural refinement, and increased degree of micro 
uniformity on subsequent aging. Typical ten- 
sile properties of this alloy in various section 
sizes are shown in Table I. 

To sum up, B-120 VCA is a titanium-base alloy 
with a relatively large amount of beta stabilizers 
to maintain the full beta structure through air 
cooling and forming. The retained beta has 
superior formability, and yet is not so stable it 
cannot be aged conveniently to high strengths. 
Under the best aging conditions studied to date 
(based on the equilibrium and kinetics data givea 
in this paper, and subject to improvement as 
current investigations are extended), B-120 VCA 
foil has attained strengths in excess of 250,000 
psi. Because this alloy is considerably lighter 
than steel, its strength-weight ratio (1.5 million) 
is one of the highest available in any structural 
metallic sheet. This property alone should make 
the alloy extremely useful in aircraft applica- 
tions where weight conservation is a must. The 
future holds much promise for the all-beta 
titanium alloys. 8 
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Staff Report 


Spotlight on Welding 


Testing techniques designed to probe the mysteries of 

spontaneous brittle fracture were revealed at the Fall Meeting 

of the American Welding Society. Also described were recently developed 
welding methods and inspection procedures. (K-general, Q26s) 


Some IMPORTANT CONTRIBUTIONS to our un- 
derstanding of the problem of brittle fracture in 
welded structures were made at the American 
Welding Society's Fall Meeting in Detroit. 

In the session on “Toughness in Steel Weld- 
ments”, A. Vinckier of Westinghouse Research 
Laboratories discussed an experimental method 
for studying the problem. He pointed out that 
brittle fracture in welded structures occurs spon- 
taneously — a ship breaks in two while resting 
at a pier, bridges collapse while not carrying 
any traffic. Why these failures should occur 
under no-load conditions is even more perplex- 
ing when one considers that brittle cracks ensue 
in laboratory tests orly when stresses exceed the 
yield stress of the metal involved. It has been 
suspected for some time that residual stresses 
induced by welding or torch cutting are prime 
factors in the catastrophic failures and that they 
raise the transition temperature and set the scene 
for unexpected, spectacular failure. 


Brittle Fracture in Test Plates 


Dr. Vinckier’s work was directed at reproduc- 
ing spontaneous brittle fracture in laboratory 
specimens — a significant step in finding clues to 
why such failures occur. For his tests he used 
4-ft. diameter disks, 34-in. thick, of A.S.T.M. A7 
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semikilled commercial plate. A 16-in. diameter 
section was cut from the center of each disk. 
Into this opening was welded a 16-in. diameter 
disk containing a 4%-in. square hole. This 
method of fabrication results in the buildup of 
residual stresses in the inner disk — tensile near 
the hole, balanced by compressive stresses to- 
ward the outside diameter. Cracks were induced 
in the plate by cooling a corner of the square 
hole with liquid nitrogen. Temperature and 
strain measurements along the expected path 
of the crack were taken. 

All plates developed spontaneously formed 
cracks during localized cooling with the excep- 
tion of one which was stress-relieved at 1150° F. 
after welding. This plate did not crack even 
when two opposite corners of the hole were 
notched with a chisel just after localized cooling. 
Residual stresses introduced again by heating 
one corner followed by severe cooling in that 
corner resulted in spontaneous cracking. 

Dr. Vinckier concludes that brittle failure 
occurs when the temperature drops below the 
transition point of the metal, when high residual 
tensile stresses are present around a notch or 
defect where plastic deformation has occurred, 
and when stress, such as would be caused by 
localized cooling, is externally applied. 
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Brittle Fractures in Spheres 


K. Masubuchi, Transportation Technical Re- 
search Institute, Tokyo, reported on work done 
in Japan on the problem of brittle fracture of 
welded structures. Here too the objective was 
to produce brittle fracture in laboratory speci- 
mens designed to approximate the structure con- 
ditions of pressure vessels. Test structures were 
fabricated in the form of spheres almost 5 ft. in 
diameter. A flat disk — in most tests a mild steel 
of low notch toughness — 36 in. in diameter was 
welded in as a part of the sphere wall. After 
fabrication, a transverse notch, 1% in. long, 
was cut into the disk weld joint to act as a crack 
initiation point. 

In the range —25 to 32°F., hydraulic loads 
applied to the sphere resulted in spontaneous 
brittle fracture of the disk at stress levels far be- 
low the yield stress of the steel. Preloading the 
sphere above the transition temperature changed 
the response entirely. Even though tested below 
the transition temperature, specimens did not 
rupture until stressed above the preloading stress. 


Low-Alloy Steel Weldments 


J. T. Berry, Armour Research Foundation, 
Illinois Institute of Technology, described 
a technique for investigating cracking in joints 
of low-alloy arc welded steel. A special chamber 
was designed so that the test welds could be 
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Fig. 1 — Crack on Tension 
Side of a Steel U-Bend 
Specimen Caused by Zinc 
Penetration. Initiated at 
the throat of a notch in 
a weld ‘overlay deposit, 
the crack appeared after 
the specimen was bent 
and immersed in zinc at 
890° F. It follows an 
intergranular path. Test 
demonstrates possible 
mechanism of weld root 
failure in galvanized steel 
weldments. 6 X, 2% nital 


made in a controlled atmosphere. 


Most tests 
were made in hydrogen and argon. The partial 
pressure of hydrogen was varied and its effect 


on cracking was studied. It was brought out 
that cracking seems to occur preferentially at 
prior austenite grain boundaries and at areas of 
mixed structure such as in dendritic boundaries 
of welds and along bands in the base metal. 
Stress concentration is, of course, a prerequisite 
for crack formation. 


Welding Galvanized Steel 


The problem of welding galvanized steel was 
discussed by J. F. Rudy, Armour Research Foun- 
dation. Work was aimed at finding the possible 
mechanism of cracking in weld roots where a 
fillet weld joins a plate to the surface of another 
which is zinc coated. The mechanism seems to 
be similar to stress-corrosion involving a reaction 
between solid steel and liquid zine (Fig. 1) dur- 
ing cooling of the weld. If liquid zinc is avail- 
able, it will penetrate and weaken the grain 
boundaries of the solid steel, which is highly 
stressed during cooling. Zinc penetration into 
stressed regions starts and propagates the crack 
until the stress is relieved. 

The answer to the problem may be to reduce 
the stress concentration by rounding the fillet 
root, to remove the reservoir of liquid zinc at 
the joining surface, and to deposit a weld metal, 
(“Spotlight on Welding” continued on p. 162) 
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Statistics on Metallurgical Education 


By W. O. PHILBROOK* 


Though Bachelor's degrees granted increased by 14.4%, the number 
of graduates receiving Master’s degrees rose only 5% in the school year 1957-58 
over the previous year. Doctors totaled 70, a drop of 16%. (A3g) 


Tie in supply of trained metallur- 
gists predicted four years ago by Dr. Bevert have 
held up remarkably well through 1958, but there 
are distressing signs of a downturn in the near 
future. For the school year 1957-58, there were 
683 Bachelor's, 185 Master's and 70 Doctor’s de- 
grees awarded. These represent an increase over 
the preceding year of 14.4% for first degrees, but 
only a 5% gain for Master’s and a distressing de- 
crease of 16% in the number of Doctorate de- 
grees. A small measure of encouragement may 
be taken from the tabulation of first positions 
taken after graduation. It shows an increase in 
the proportion of Bachelor's and Master’s degree 
holders going on to graduate work. 

In projecting the future trend from the preced- 
ing known record of growth, it is necessary to 
take into account the enrollment figures that 
have been released by the Office of Education of 
the U.S. Department of Health, Education and 
Welfare since our statistics were gathered. The 
latest data for the fall of 1958 reveal an alarming 
decrease of 11.1% in freshman enrollment in all 
engineering subjects, with lesser losses in the 
sophomore and junior years. Metallurgical engi- 
neering classes followed a parallel trend. Thus, 
it appears that the class of 1958-59, for which 
statistics are now being gathered, will prove to 
have been the peak year in Bachelor’s degrees. 
Master's degrees may taper off in a year or two, 


*Professor of Metallurgical Engineering, Carnegie 
Institute of Technology, Pittsburgh; Past Chairman, 
Committee on Metallurgical Statistics, A.S.M. Foun- 
dation for Education and Research. Present members 
of the committee: Morris E. Nicholson, Chairman 
(University of Minnesota), John P. Nielson (New 
York University), R. E. Grace (Purdue University) 
David V. Ragone (University of Michigan). 

*“The Supply of Metallurgists With Graduate 
Training”, Metal Progress, August 1955, p. 82. 


DECEMBER 1959 


and Doctor's degrees will probably hold in the 70 
to 80 per year range. A reversal of enrollment 
trends will be necessary if the metallurgical pro- 
fession is to resume its recent growth rate. 

Questionnaires were sent to the 63 schools that 
grant degrees in metallurgy and metallurgical 
engineering. Response was such that we feel 
these data represent 100% coverage. The com- 
mittee has made a strong effort to assure complete 
coverage, and to promote accurate reporting not 
only for its own questionnaire but also to govern- 
ment agencies collecting similar data. 

In addition to the totals reported, one Bache- 
lor's degree was granted in Science Engineering 
and four Master's degrees were awarded in Solid- 
State Physics. All were metallurgy majors. 

The number of foreign students receiving 
Bachelor's degrees in metallurgy approximately 
doubled over the preceding year, but changes in 
advanced degrees awarded to foreign students 
were hardly significant. They remained in about 
the same proportion to total degrees. 


Information on Schools of Metallurgy 


There is a light trend toward larger under- 
graduate classes compared with the 1956-57 
year, but only one-third of the 54 schools grant- 
ing first degrees had graduating classes larger 
than 15. Five schools graduated no seniors last 
year, and 20 had classes of 5 or less. It appears 
that American schools can absorb many addi- 
tional students in metallurgy. 

Of the 63 schools offering degree courses in 
metallurgy, 39 provide training from the Bachelor 
to the Doctorate level, 14 offer the Bachelor's and 
Master’s degree, and 6 confine themselves to 
undergraduate work only. Only four schools 
limit their efforts to graduate work, two of these 
giving both Masters and Doctors, one the Masters 
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Academic Years 


only, and one the Doctors only. These counts are 
based entirely on questionnaire returns without 
verification by additional correspondence or 
reference to catalogues. 

As the table shows, there was a decrease of 
about 10% for both Bachelors and Doctors going 
into industry. For the Bachelors this was ac- 
counted for largely by a 6% increase in the pro- 
portion going on to graduate work, and nearly 
3% increase in those called to military service. 
The Doctors lost by industry went into teaching 
and academic research or research institutes. In 
the Masters column, there is a small shift in the 
academic category from teaching and research to 
graduate student appointments. Considering also 
the results of an earlier questionnaire for 1954-56 
(Metal Progress, September 1958, p. 114), there 
is an apparent four-year trend toward increasing 
absorption of Masters’ holders in government 


First Positions Taken by Students After Graduation 


Fig. 1 — Graduate Degrees Granted in Metallurgy 
in the U.S., 1950 Through 1958. Light color bars 
represent Masters degrees; darker bars Doctor's 


offices and laboratories. On the whole, the four- 
year trend in all categories seems to be toward 
increasing interest in scientific and academic 
work. Industrial research and development 
show the greatest decline. 

In conclusion, the Committee expresses its 
appreciation for the time and interest of all of 
those who have contributed to these reports on 
educational statistics. The work will be carried 
on for the current academic year under the able 
chairmanship of Prof. M. E. Nicholson, Jr. Con- 
tinued cooperation is needed for the Committee 
to perform its mission of providing authoritative 
information on trends in metallurgical education 
for the profession. So 


BACHELORS MASTERS Doctors 
1957-58 1956-57 1957-58 | 1956-57 1957-58 | 1956-57 
Industry, operations 29.0% 26.8% | 13.5% 14.5% | 0.0% | 0.0% 
Research and development | 13.3 13.7. | 28.1 29.1 | 48.6 | 59.1 
Not differentiated 19.8 31.8 49 34 14 24 
Total industry 62.1 72.3 | 46.5 | 47.0 | 50.0 | 61.5 
Academic, teaching primarily 0.9 0.2 | 2.7 4.1 | 18.6 | 15.7 
Research primarily 0.6 Ll |) (16 2.9 10.0 | 7.2 
Graduate study primarily 18.5 12.9 28.1 25.6 | 1.4 0.0 
Research institutes 0.9 2.5 3.8 Se 7.1 0.0 
Government 3.1 1.8 7.0 4.1 7.1 | 9.6 
Military service 8.8 6.1 3.2 $5 1.4 2.4 
Other or unknown 5.3 3.1 7.0 9.9 4.3 3.6 
Total number represented 683 556 185 172 | 70 83 
% of graduates represented 93.1 97.7 | 100 | 100.0 
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Short Runs 


Brazing in Vacuum 
by Induction Heating 


By RICHARD E. PARET* 


Brazixe in vacuum usually gives sound, 
homogeneous joints in stainless steel parts. With 
unstabilized austenitic alloys, however, prolonged 
heating between 800 and 1500° F. during brazing 
may precipitate carbides at grain boundaries. 
Precipitation will be reduced if brazing is done 
with a heating technique which restricts the heat 
application to the joint to be brazed. Induction 
coils serve this purpose. Not only do they reduce 


*American Iron and Steel Institute, New York. 
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Fig. 1— Operator Is Vacuum Brazing 15 
Canisters Individually With a Small Induc- 
tion Coil Which Fits Over the Tube. Total 
brazing time: less than 3 min. Tube at right 
is being preheated during evacuation of gas 


the area which is heated but they shorten brazing 
times. 

Induction brazing in vacuum is used to join 
stainless steel caps and shells (Type 302 or 304) 
to make hermetically sealed canisters. Cap and 
shell are machined so that there is 0.002 to 0.004- 
in. clearance between them. Then they are as- 
sembled with preformed rings of brazing alloy 
and stacked one on top of the other in a vacuum 
tube (see Fig. 1). An asbestos-covered tape 
heater serves to heat the tube and workpieces to 
300° F. while vacuum pumps reduce the pressure 
in the tube to 0.001 mm. Hg absolute. The joints 
are brazed by passing the induction coil down the 
tube exterior, pausing long enough at each joint 
to melt the filler metal. Each joint requires only 
15 to 20 sec. for brazing. Joint strength is 70,000 
psi. (shear). Units are also pressure-tight when 
tested overnight in helium at 15 atmospheres. 


No Sparking 
From Beryllium-Copper 
Trolley Wheels 


Thy spanks can be dangerous in some in- 
dustries. To eliminate one source, Saginaw Prod- 
ucts Corp., Saginaw, Mich., has developed trolley 
wheels of nonsparking beryllium copper. They 
wear as well as steel wheels, and can be used on 
overhead conveyers or chain hoists installed 
where explosion hazards exist — paint spray 
booths, chemical treatment locations, explosive 
plants and the like. 

“Berylco 25” alloy is used only for the outer 
shell of the wheel; this is exposed to continuous 
wear from both sides. On the outside, it is sub- 
jected to all the abrasive wear that a trolley wheel 
ordinarily receives, including abrasion from dust 
particles in the atmosphere. On the inside, wear 
comes from the moving balls that use the shell as 
an outer race. 

Not only nonsparking, nonmagnetic and cor- 
rosion resistant, the alloy also has exceptional 
physical and mechanical properties: 

Tensile strength: 165,000 psi. 

Elongation: 5% in 2 in. 
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Hardness: Rockwell C-36 
Electrical conductivity: 22% minimum 

For fabrication, strip in the solution-annealed 
condition is purchased in thicknesses of 0.097 and 
0.120 in. and in five widths ranging from 5% to 
711/16 in., depending on wheel diameter. 
Lengths are multiples of the widths. 

Alloy parts are processed with basically the 
same tools used to produce the standard steel 
trolley wheels. Hardened steel tools in a 60-ton 
blanking press punch out flat disks from the 
beryllium-copper strips. A 75-ton press then 
forms the blanks into a bowl-like shape (see Fig. 
1). The depth of the draw is fairly constant, 
regardless of the disk diameter; it amounts to 
about 2% in. From four to eight forming steps 
may be required. 

The parts are precipitation hardened after 
forming by low-temperature heat treatment. At 


Saginaw, treatment is about 3 hr. in a gas-fired 
oven at 600° F. Specifications, however, vary 
from one heat to the next. Following this, shells 
are cleaned by blasting with G-40 malleable- 
grade shot. 

With the beryllium-copper shell acting as the 
outer bearing race, a cone of carburized steel 
serves as the inner race. From 8 to 20 precision 
balls of high-grade steel are assembled between 
the two. An insert piece riveted to the outer shell 
holds cone, balls and a stud in place. The balls 
are lubricated through a grease fitting in this 
stud, which fastens the wheel assembly to a 
counting bracket. Figure 1 shows two stamping 
operations and a trolley wheel assembly. =} 


Fig. 1—The Flat Blank Is Shaped Into a Bowl 
(Left) by a 75-Ton Press, and Further Formed 
on a 125-Ton Press (Right). Inset shows completed 
trolley wheel assembly. (Courtesy Beryllium Corp.) 
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Salt Bath Horse” 
Tonnage Production! 


Not since the commercial introduction of salt baths 
by Ajax Electric Company 27 years ago, has there 
been a salt bath furnace development of greater 
importance to many users than this one! 

By combining the cost advantages of gas or oil 
fuels with the heat treating superiority of molten 
salt immersion, Ajax-Ankersen furnaces pave the 


PIONE IN SALT BATH 
HEAT TREATING PROGRESS 


way for the use of fuel-fired baths in applications 
where they were heretofore impractical. 

Besides all ordinary heat treating operations, 
manual or mechanized, Ajax-Ankersen fuel-fired 
furnaces in suitable designs lend themselves read- 
ily to high tonnage production such as heating 
for forging and other “heavy duty” applications. 


tails and outlining the scope of Ajax-Ankersen 
fuel-fired salt bath designs for many uses. 


AJAX ELECTRIC COMPANY 


910 Frankford Avenue Philodelphia 23, Po. 


AN INDEPENDENT PRODUCER OF SALT BATH FURNACES EXCLUSIVELY 
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Ultra High Strength 
by Austenitic 
“Cold Working’ 


PirrsBURGH 

In “Austenitic ‘Cold Working’ for 
Ultra High Strength”, by Messrs. 
Schmatz, Shyne and Zackay of the 
Ford Motor Co., the authors state 
that the method of working steel in 
the metastable austenitic condition 
to improve physical properties was 
first developed by two Dutch in- 
vestigators, E. M. H. Lips and H. 
Van Zuilen. 

I am rather surprised that the 
Dutch investigators are credited with 
this development since the original 
conception of the interrupted quench 
and work technique was due to my 
efforts, beginning in 1950. 

The basic method of working steels 
in the metastable austentitic condi- 
tion above the M, temperature to 
obtain improved physical proper- 
ties was shown schematically in a 
diagram included in ari article de- 
scribing my work in Iron Age, Dec. 
27, 1951, and reproduced in the 
correspondence section of the Febru- 
ary 1955 issue of Metal Progress, 
p. 119. Basically, this diagram il- 
lustrates the method which Ford 
designates as “Ausforming”. 

Ricnarp F. Harvey 
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Correspondence 


Sorry—Our Mistake! 


If our readers were somewhat 
puzzled after studying Fig. 3 (on p. 
149-A) of the November lead digest 
on “Progress in Explosive Forming”, 
it’s understandable. Though the 
S-N curves shown are accurate in 
every respect, an important item 
was inadvertently omitted on each 
one —the designation of the alloy 
being tested. The top graph of 
Fig. 3 is for VascoJet 1000, the 
middle one for AM 350, the bottom 
one for an 8% Mn titanium alloy. 


Flakes in Steel 


Lonc Beacn, Cauir. 

According to C. E. Sims*, flakes 
or shatter cracks in steel forgings 
and castings are caused by hydrogen 
gas, which evolves within the steel 
and builds up a pressure high 
enough to disrupt the steel, and are 
associated with retained austentite. 
This phenomenon is very similar to 
fish-scaling of enameled steel caused 
by hydrogen gas which evolves at 
the steel-enamel interface and builds 
up a pressure high enough to 
break the enamel.t 

In both cases, the effect is local- 


ized and the defective spots few and 
far between. The question then is 
by what mechanism the hydrogen 
becomes nonuniformly distributed 
to this extent. The retained austen- 
ite, similarly nonuniformly distrib- 
uted, is believed to offer a higher 
solubility to hydrogen than does 
ferrite, but this does not seem to 
account for the high concentration 
of hydrogen required. 

The conversion of austenite into 
ferrite plus cementite occurs by way 
of e-carbide as an intermediate com- 
pound.} The e-carbide has been pre- 
pared and analyzed. It contains 
much hydrogen and its composition 
is probably Fe,HC. Thus, e-carbide 
contains much more hydrogen than 
does austenite. Consequently, e-car- 
bide, in its formation from austenite, 
sucks up hydrogen from the ad- 
jacent ferrite in addition to that 
taken over from the austenite. The 
hydrogen is then released in the 
subsequent transformation of ¢-car- 
bide into cementite. 

T. G. Owe Berc 
Materials Research Group 


Long Beach Div. 
Douglas Aircraft Co., Inc. 


*Gases in Metals, American Soci- 
ety for Metals, 1958, p. 119. 

¢Paper presented by T. G. Owe 
Berg at the annual meeting of the 
American Ceramic Society, Chicago, 
May 1959. 

tL. J. E. Hofer and E. M. Cohn, 
Nature, Vol. 167, 1951, p. 977. 
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stop temperature variations 
in high density loads with 


SURFACE POWER 
> 


Exceptional uniformity and speed of heat treating, regardless of load 
density, help make a consistent profit-maker of this mechanized line 
of Surface batch-type furnaces at The Milwaukee Gear Company. 

Because of Surface Power Convection, Milwaukee Gear has much 
greater metallurgical control and uniformity of product than ever 
before. High-velocity wind penetrates the tightest loads; assures uni- 
form heat transfer whatever the size, shape, or alloy of the work. 

Carburizing case depths are hit right on the button which vary 
from a few thousandths to *i« of an inch. This unusually flexible stand- 
ard rated furnace line consists of two Super Allcase® furnaces, a hori- 
zontal draw furnace, spray washer, DX® and RX® gas generators, 
and Autocarb® signalling dewpoint controller. 

Surface Power Convection cuts cycle times to a fraction. 

These advantages only suggest the profitability of Surface Power 
Convection. Ask your Surface representative to describe the most 
important development in convection heat transfer in 20 years. 

Write for Bulletin SC-182. 

SURFACE COMBUSTION CORPORATION * 2377 Dorr Street, Toledo 1, O. 
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FABRICATED ALLOYS 


RETORTS - BASKETS - SCREENS - GRIDS 


ROLOCK “ALL THE 


for a better operating 
cost picture on your pit-type furnaces 


Rolock has so many successful pit-type furnace equipment installations . . . 
so many satisfied repeat customers . . . that we feel very confident in 
promising you equal satisfaction. 

Furthermore, we make ALL the basic equipment needs for pit-type 
furnaces of every popular size and type . . . retorts, screens, grids, baskets, 
fixtures, or specially designed work carriers. In each you will find unique 
ROLOCK design and construction features that are PROVED life-lengtheners 
. » » performance-improvers . . . long-term cost-reducers. 

The best way to gain these benefits is to send us your next order. 


* ROLOCK GUSSET DESIGN: An exclus've ROLOCK ferture developed out of 
years of practical experience. Permits properly controlled and supported 
. . « greatly extends life of retorts. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 
ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


JOB-ENGINEERED for better work 


Easier Operation, Lower Cost 


seal-rim expansion and contraction 


3RLSP 
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Tropical Wonder 


Rocuester, N. Y. 


The magic of alloying created the 
exotic palm, shown below, in the 
midst of an aluminum-copper-zinc 
system, representative of one of the 
zine-base alloys which is finding 


some use in low-temperature solder- 
ing of aluminum. At a magnifica- 
tion of 480 diameters, an etchant 
of chromic acid-sodium sulphate 
brought this phenomenon into view. 
RusseL H. Brusx 


Metallurgist 
Eastman Kodak Co. 


Metallurgical 
Dragonfly 


Bayonne, N. J. 
The “metallurgical dragons” which 
have appeared in the correspond- 
ence column of Metal Progress are 
very interesting and unusual. To 
keep the hunting spirit alive, I would 
like to offer the enclosed metallurgi- 
cal dragonfly (below). The micro 
shows columbium carbides, in an as- 
cast experimental melt, photo- 
graphed at 1000 diameters. 
Nuno S. Prrea 
Metallographic Section 


Research Laboratory 
International Nickel Co. 
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Kone of the advanced techniques at Precision Castparts 
contributing to ultra performance in investment casting 
of high strength, high temperature alloys. 


The PC vacuum melting and molding 
system remelts alloys by induction 

under vacuum of less than 10 microns 

of mercury. The virtually perfect vacuum 
excludes atmospheric elements that might 
affect the chemistry of the melt, 

and the performance of the casting. 
Precision Castparts has the only vacuum 
melting facility for investment casting 
located in the West. 


CASTPARTS CORP. 


4601 S, E. HARNEY DRIVE, PORTLAND 6, OREGON 


PRECISION 


Data available on investment cast REPRESENTATIVES: 


JOHN D. LOBB, JR., 5213 Jessamine St., Bellaire 101, Texas MOhawk 4-0740 
JAMES NEELY, 3800 Sherwood St., Fort Worth 7, Texas MArket 6-5371 
sion Castparts direct, or call one of KENNETH F. THOMAS CO., 998 Farmington Ave., West Hartford 7, Conn. « AD 3-8547 


our engineering representatives. DISTRICT STEEL CORP., 5249 Sheila St., Los Angeles 22, Cal. « ANgelus 3-2149 
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Personal 
Mention 


J. E. Wilson 


]. E. Wiurson @ has been pro- 
moted to manager, advanced cham- 
ber materials engineering, rocket 
engine section, Flight Propulsion 
Laboratory Dept., of General Elec- 
tric Co., Evendale, Ohio. His new 
responsibilities will include devel- 
opment and improvement of all 
metals used in rocket cases and 
the metal processes involved. His 
former position entailed responsi- 
bility for the improvement and de- 
velopment of cast high-temperature 
alloys for jet engine turbine service, 
and resulted in his development of 
the DCM alloy (see Metal Prog- 
ress, November 1958). 

Mr. Wilson joined General Elec- 
tric in 195] after graduation from 
the University of Cincinnati with a 
degree in metallurgical engineering. 
In 1952 he joined the engineering 
group of the blades manufacturing 
section and in 1953 established the 
blades manufacturing metallurgical 
laboratory. Three years later he 
transferred from the job of super- 
visor, metallographic and _physi- 
cal tests, in the process engineering 
development laboratory to the jet 
engine department with the prime 
responsibility of developing new 
high-temperature turbine blade 
alloys. While in this position he 
developed the DCM alloy, devel- 
oped an alloy for 2130° F. service 
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under a stress level of 3300 psi., 
and was co-contributor to a reliable 
statistical design method for the 
creation of new alloys — resulting in 
DCM, Cosmoloy and others. In 
July 1959, he was appointed man- 
ager of advanced chamber materials 
engineering in the rocket engine 
section. 


Laurence E. Poteat @ has been 
assigned to the faculty of North 
Carolina State College, Raleigh, 
N. C., as instructor of metallurgical 
engineering. For the past three 
years, he has been associated with 
Watertown Arsenal Laboratories, 
Watertown, Mass., and prior to that 
was employed by the Metals Re- 
search Laboratory of Union Carbide 
Corp., Niagara Falls, N. Y. 


Joseph Warman @ is now working 
on the staff of Hevi Duty Electric 
Co.’s Watertown, Wis., furnace 
laboratory, engaged primarily on 
the development of new atmosphere 
control equipment. 


Madan M. Nanda @ recently 
joined the Electric Boat Div. of 
General Dynamics Corp., in Groton, 
Conn., as a metallurgist in their re- 
search and development laboratory. 
Prior to joining Electric Boat, he 
worked at Brookhaven National 
Laboratory. 


Thomas F. Moorman @, formerly 
with Peninsular Steel Co., has joined 
the staff of the Detroit field section 
of International Nickel Co., New 
York. Mr. Moorman will be con- 
cerned primarily with the market 
development of nickel - containing 
materials. 


Edward J. Dolan @ has left his 
position as assistant metallurgist for 
Reed & Prince of Worcester, Mass., 
to accept a post as a senior metal- 
lurgist for the Hyatt Bearings Div. 
of General Motors Corp. in Har- 
rison, N. J. 


Harry V. Makar @, after his re- 
lease from active duty with the 
Marine Corps in 1958, joined the 
metallurgical laboratory of the 
Titusville, Pa., division of Universal 
Cyclops Steel Corp. He is now 
working on toolsteel research at the 
Bridgeville division. 


Paul R. Totten @ has been ap- 
pointed works manager of the Cleve- 
land mill division of Chase Brass & 


Copper Co. He comes to Chase 
from the Allenport works of Pitts- 
burgh Steel Co., where he was divi- 
sional superintendent for four and a 
half years. 


William J. Parsons @ has been 
appointed senior vice-president of 
the industrial division of the Pacific 
Scientific Co., San Francisco. In 
his new capacity, his headquarters 
will continue to be in Los Angeles, 
where he will supervise and coordi- 
nate the industrial division. 


Paul Hutchinson @ has been ap- 
pointed to the staff of Charles F. 
Hutchinson Advertising Agency in 
Boston as account executive. He 
had been associated with Perkin- 
Elmer Corp. of Norwalk, Conn., as 
sales director of the instrument divi- 
sion since 1955. 


Robert E. Lenhart @ has been ap- 
pointed supervisor of silicon steels 
in Crucible Steel Co. of America’s 
central research laboratory. He was 
formerly manager of alloy develop- 
ment at the Beryllium Corp. in Read- 
ing, Pa. 


Robert G. Griffith @ has been 
promoted to superintendent of the 
seamless tube mills at the Campbell 
works of the Youngstown Sheet and 
Tube Co., Youngstown, Ohio. He 
joined the company in 1958 as a 
general foreman. 


Felix von Gemmingen, Jr., @ is 
now working in the Fundamental 
Research Laboratory of U. S. Steel 
Corp. in Monroeville, Pa., where his 
primary concern is creep phenomena. 


Philip R. Johnson @, a recent 
graduate of the Missouri School of 
Mines, is now serving in the U. S. 
Army. 


Jerome V. Bell @ has been elected 
vice-president of Alloy Surfaces Co., 
Wilmington, Del. Mr. Bell, vho 
joined the company in 1957 as chief 
engineer, was formerly manufactur- 
ing engineer for the atomic and 
power equipment department of 
General Electric Co. 


Edwin A. Yeo, Jr., @ has been 
promoted from district manager in 
Chicago for Leeds & Northrup Co., 
Philadelphia, to the new post of as- 
sistant manager in the sales division. 
He has been succeeded as district 
manager by Willard H. Neu @, for- 
merly district manager in Pittsburgh. 
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TURCO PRODUCTS, INC. 


Chemical Processing Compounds 
24600 South Main Street, Wilmington, California 
FACTORIES: Nework, Chicago, Houston, Los Angeles, London, 
Rotterdam, Sydney, Mexico City, Poris, Homburg, Montreal, 
Manila, Noho (Okinawa) 
Manufactured in Canada by W. Deane & Co., Montreol 
i. Offices in all Principol Cities 
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Only new 


TURCOAT 


LOW TEMP 
PHOSPHATING 
gives you up to 200 mg/sq. ft. 
of zinc phosphate coating in 
2 short minutes at 95° F. 


The Turcoat low temperature phosphating process pro- 
vides permanent paint adhesion when used at an econom- 
ical, easy-to-maintain temperature of 95°F. This 
temperature is lower than that required by other “cold” 
phosphating processes. It is up to 75° lower than temper- 
atures required by conventional phosphating processes. 
You save up to 75% in steam, water, electricity and down- 
time costs alone! 


As a base for paint, the Turcoat low temp phosphating 
process provides a uniformly smooth coating of up to 
200 mg/sq. ft. in two minutes at 95°F. As a base for 


Turco has waited to announce low temperature phosphat- 
ing until it was thoroughly perfected and proven, through 
exhaustive field testing, to be the very best. For this rea- 
son, you'll find that with this new process, just as with 
Turco’s hundreds of other cleaning and chemical proc- 
esses, you are assured of trouble-free operation, ease of 
control, and dedicated technical service ...anytime, any- 
where! Write today for the full story of Turcoat low 
temperature phosphating, along with Turco's phosphat- 
ing reference chart. There's no cost .. . no obligation. 


TURCO PRODUCTS, INC. 
24600 South Main Street, Wilmington, California 
Please send full details on Turco’s new low temperature 


phosphating process and Turco’s phosphating reference 
chart, without cost or obligation. 


NAME TITLE (OR DEPT.) 


better paint adhe ‘sion 
AN \ 
' \ 
| 
corrosion prevention, it provides an 1100 mg/sq. ft. 
coating in just eight minutes at 95°F. 
\ 
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AO Offers Low-Cost 
Stereophotomicrography 


...in just three easy steps 


SET the focusing adjustment on your 
] AO Spencer Cycloptic Stereoscopic 

Microscope, to bring specimen into 
sharp focus. Camera is mounted directly to 
Cycloptic...out of the way...ready for in- 
stant use, 


SNAP shutter with cable release. You 
photograph the sharp three-dimen- 
sional image exactly as you saw it. 
Your film processor will supply stereo 
mounted photographs. Now you have per- 
manent, photomicro- 
raphs, in black-and-white or color, for 
uture reference. 


SWING the r..ounted 35 mm Graflex 

Stereocamera into position over eye- 

pieces. Designed exclusively for Cy- 
cloptic, special compensating prisms in 
adapter unit render camera parfocal with 
microscopes’ optical system. Set camera for 
bulb exposure. No further adjustment is 
necessary. 


The full-size Graflex Stereoviewer, with 
built-in light source, completes this easy- 
to-use 3-D photo package. You can review 
your findings over and over again...anytime 
...anywhere. Here is everything you need 
for three-dimensional photomicrography... 
unique... easy-to-use. Available only from 
American Optical. 

Ask your AO Sales Representative or 
write: 


Dept. X119 
© Please send full information on AO 
Spencer 637 Stereocamera attachment. 


0 Also include information on AO | 
Spencer Cycloptic Stereoscopic Microscopes. | 


Name 
Address 
State 


Personals . . . 


John C, Cassidy @ has been ap- 
pointed manager of projects for the 
American Car and Foundry Div. of 
ACF Industries, Inc., New York. 
Since joining ACF in 1954, he has 
been a senior research engineer and 
more recently project manager. 


Eugene A. March @ has been 
named assistant works manager at 
Crucible Steel Co. of America’s 
Midland, Pa., plant. He has been 
succeeded as division superintend- 
ent of technical services by Guy F. 
McCracken @, formerly chief con- 
trol metallurgist at Midland. Mr. 
March joined Crucible in 1946 as a 
metallurgist, mill control, at the com- 
pany’s Sanderson-Halcomb Works in 
Syracuse, N. Y., and was transferred 
to the Midland works in 1958. Mr. 
McCracken also joined Crucible’s 
Sanderson-Halcomb Works (in 1949) 
and was assigned to Midland last 


January. 


Arthur E. Powers @ has joined the 
staff of the Knolls Atomic Power 
Laboratory, Schenectady, N. Y., op- 
erated by General Electric Co., as a 
physical metallurgist in the Mate- 
rials Development Operation. Dr. 
Powers joined General Electric in 
1947 and transferred to the Power 
Tube Department in 1957. 


Michael Zetz @ has been ap- 
pointed plant manager for the Louis- 
ville, Ohio, plant of the Jones & 
Laughlin Steel Corp.’s Stainless and 
Strip Div. Mr. Zetz joined J&L 
as superintendent of quality and 
production contro] at the Louisville 
plant in 1958. 


Alexander S. Zello @ has been 
named chief engineer of Bridgeport 
Rolling Mills Co., a subsidiary of 
Atlantic Coast Industries, Inc., 
Bridgeport, Conn. He was formerly 
director of engineering of W. S. 
Rockwell Co. and works engineer at 
Stamford Rolling Mills Co. 


Robert G. Martinek @ has been 
appointed applications engineer for 
fuel-fired heat treating furnace 
equipment for Hevi-Duty Electric 
Co., a division of Basic Products 
Corp., Milwaukee. He was formerly 
chief engineer for Eclipse Fuel En- 
gineering Co. of Canada. 
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Youngstown Rope Wire 


and closing die, to become Pi | 
Broderick & Bascom’s famous 
“Yellow Strand” wire rope. 


Excellence 
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Youngstown 


Youngstown rope wire 


Lifting a mighty fir or a stalled 
automobile, a sling of wire 

rope is tough to beat for speed, 
safety and handling ease. Long 
experience, sound engineering 
and only the best materials— 

_ that’s what it takes to make a 
good sling, and Broderick & 
Bascom makes them for almost 
every lifting job you can name. 

This leading maker of slings 
and wire rope never compromises 
with quality. They count on 
Youngstown Rope Wire to uphold 
their reputation—and it does. 
Broderick & Bascom “Yellow 
Strand”’, and extra high-strength 
“POWERSTEEL” wire rope are 
made of Youngstown Rope Wire 
that consistently meets the 
most exacting quality standards. 

Wherever steel becomes a 
part of things you make, 
the high standards of Youngstown 
quality, the personal touch 
in Youngstown service will help 
you create products with an 
“accent on excellence’”’. 

The Youngstown Sheet and Tube 
Company, Youngstown, Ohio. 
Carbon, Alloy and Yoloy Steel. 
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Personals . . . 


[ 


John A. Succop @, vice-president 
in charge of metallurgy for Hep- 
penstall Co., Pittsburgh, has retired 
after 39 years’ service with the com- 
pany; he will continue to serve the 
company in a consulting capacity. 
Mr. Succop joined the heat treat de- 
partment of Heppenstall in 1920 
after receiving his metallurgical en- 
gineering degree from Pennsylvania 
State University. He trans- 
ferred to the metallurgical depart- 
ment in 1921, appointed chief 
metallurgical engineer in 1944 and 
elected a vice-president of the com- 
pany in 1956. 


CARBURIZING 


Ernest A. Sticha @ has been 
named chief research metallurgist 
by Edward Valves, Inc., a subsid- 
iary of Rockwell Mfg. Co., East 
Chicago, Ind. He was formerly 
supervising engineer for Crane Co., 
Chicago. 


NORMALLIZING 


Edward L. Roth @, president of 
Motor Castings Co., West Allis, Wis., 
has been awarded the Gold Medal 
of the Gray Iron Founders’ Society 
at the Society's annual meeting in 
San Francisco recently. Mr. Roth 
was honored for his many contribu- 
tions and services to both the Society 
and industry. 


ANNEALING 
CARBO-NITRIDING 
FORGING 


Creat 


Carleton A. German @ has been 
elected to the board of directors of 
Solventol Chemical Products, Inc., 
Detroit. Mr. German has been con- 
nected with the company since 1944 
and was recently named general 
sales manager of all divisions. He 
has held the positions of sales man- 
ager of the industrial division and 
chief engineer. 


G. L. Galmish @, formerly af- 
filiated with the Michigan Malleable 
Iron Co., Detroit, has accepted a 
post as metallurgical engineer with 
the Detroit Aluminum and Brass Co. 
at the company’s Bellefontaine, 
Ohio, plant. 


WORKING WITH THESE MATERIALS: 


COMPANY 


Loren B. Clay @ has been ap- 
pointed sales manager of Joseph T. 
Ryerson and Son, Inc., Houston, Tex. 
Mr. Clay has been connected with 
Ryerson since 1940, advancing to 
his present post from district sales 
manager at the company’s Los An- 
geles plant. 


Aluminum @ Bross @ Castiron @ Copper 


Malleable @ Stainless @ Steel 


OF ANY OF THESE TYPES 
Sheker Hearth @ RollerType @ Walking Beam 


Batch @ Conveyor @ Rotary © Car Type 


GAS « OIL « ELECTRIC ¢ DIRECT FIRED OR ATMOSPHERE CONTROLLED 


Production Hea 


6545 EPWORTH BLVD. 
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Advantages of 17-7 PH Stainless Steel 


For Springs in Severe Service 


Excellent elastic properties, strength at high temperatures, resistance to 
corrosion—all are combined in Armco 17-7 PH Stainless Steel wire to make 
it an outstanding material for springs operating under severe conditions. 


Armco 17-7 PH is one of a family of Armco Precipitation- 
Hardening Stainless Steels developed to meet the exacting 
needs of space age technology. For springs it offers a unique 
combination of properties that make it especially useful 
in applications involving heat or corrosion, where ordinary 
spring materials don’t hold up. 


EXCELLENT ELASTIC PROPERTIES 

In tension, the elastic limit of 17-7 PH wire is approxi- 
mately 75% of ultimate tensile strength; in torsion, about 
55%. The figures in Table 1 give an idea of the excellence 
of these values. See table 2 for a comparison with 18-8 
stainless and music wire. Relaxation and torsional modulus 
values of 17-7 PH stainless hold at high levels even at 
temperatures up to about 650 F. 


TABLE 1 
Typical Room Temperature Properties 
of .052 to .061-inch 17-7 PH Wire 
CONDITION PROPERTIES 
UTS, 0.2% Yid.  Elong. Fatigue Str. * 
psi Str., psi in 2”,% % of Tens. Str. 
at 10’ Cycles 
250-280,000 230-260,000 —— 
CH 900 305-335,000 285-315,000 2-4 36 
*Machined and polished surfaces 


TABLE 2 
Comparison of Typical Mechanical Properties 
of Armco 17-7 PH Condition CH 900 Wire, 18-8 
Spring Wire and Music Wire 


17-7 PH 18-8 MUSIC WIRE 
Ultimate Tensile Strength, 1000 psi 


320-350 280-310 340-365 
279-309 230-260 285-305 
256-286 201-231 263-280 
252-282 185-215 252-267 


Max. Torsional Stress When Closed Solid, 1000 psi 
160 
140 
130 


CORROSION RESISTANCE 


Armco 17-7 PH Stainless Steel extends the dependability of 
springs beyond that of metals with comparable strength 
but inferior resistance to corrosion, In Condition CH 900, 
for example, the condition most widely used for wire prod- 
ucts, 17-7 PH resists corrosion as well as 18-8 full-hard 
temper stainless steel. Even in a marine atmosphere, 2 years’ 
exposure produces only superficial rusting. 


SPRING FABRICATION 
Availability of 17-7 PH round or flat wire, coils or straight 
lengths, and a wide range of sizes and conditions, makes it 
adaptable to the production of a great many kinds of springs. 
It’s workable as well. In Conditions C and CH 900, for 
example, 17-7 PH wire can be wrapped on its own diameter. 
However, because Condition C is more ductile, it is pre- 
ferred for spring coiling, especially on automatic machines. 
The low-temperature precipitation hardening of 17-7 PH 
after fabrication takes care of stress relieving too. No 
further heat treatment is required as with other harden- 
able spring materials. Thus a production operation is elimi- 
nated and the possibility of dimensional changes is avoided. 
Also, because no heavy scale is produced and because plating 
is not necessary, 17-7 PH springs are not exposed to hydro- 
gen-absorbing conditions, A very light pickle will remove 
heat tint. 


SEND COUPON FOR DATA 


For more information on Armco 17-7 PH Stainless Steel or 
its special precipitation hardening companion grades, 17-4 
PH and PH 15-7 Mo, just fill in and mail the coupon. 
There’s no obligation. 


ARMCO STEEL CORPORATION 
3099 Curtis Street, Middletown, Ohio 


Please send more data on: 

17-7 PH 17-4 PH PH 15-7 Mo 
NAME___ 

FIRM. 


STREET 


STATE 


ARMCO STEEL 


Armco Division + Sheffield Division + The National Supply Company + Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation + Union Wire Rope Corporation 
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.093 
.148 
.192 
Diameter, Inches 
150 
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Columbium makes the difference 


in this new fine-grained carbon steel 


The new GLX-W steel offers a unique combination of characteristics—the formability 
and weldability of mild carbon steel plus greater tensile strength and notch toughness. 


The addition of small amounts of columbium gives 
GLX-W the finer grain structure that makes this possible. 


Where design permits, the use of GLX-W can result in weight savings up to 35%, compared 
with mild carbon steel. With yield strengths ranging from 45,000 to 60,000 psi, GLX-W 
steels are recommended for a broad range of applications. For technical information, 

write to our Product Development Division, Department E. 


GREAT LAKES STEEL 


Detroit 29, Michigan 
A DIVISION OF NATIONAL STEEL CORPORATION 
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Metals Engineering § 1) 


... Interpretative Reports of World-Wide Developments 


Machining Hard Alloys 


Digest of “The Machining of 
Ultra Strength Alloys”, by John 
Maranchik, Jr., J. V. Gould and 
P. R. Arzt. Paper presented at 
the §.A.E. National Aeoronauti- 
cal Meeting, New York, April 
1959. 


LTRA-HIGH-STRENGTH alloys are 

being used more and more for 
airframe, missile and engine com- 
ponents. Since many of these alloys 
are new to industry, the machining 
information available is meager. 
For materials such as the martensitic 
low-alloy steels, hot work die steels 
and martensitic stainless steels, ma- 
chining data are also lacking. As 
a result, a research program to eval- 
uate the machining characteristics of 
these materials has been started. 
The work (sponsored by the Air 
Force) is being performed by Met- 
cut Research Associates Inc. The 
article gives 32 figures of tool life 
curves (not given here) and sum- 
maries of machining data (see Data 
Sheet, p. 96-B). 

Turning proved to be least diffi- 
cult of the various types of machin- 
ing operations. Reasonable tool life 
could be obtained without resorting 
to unusual types of tools, tool geom- 
etries, or techniques. The follow- 
ing general recommendations apply: 

1. Use a rigid machine and strong, 
solid tools and fixtures. 

2. Use the proper type of carbide. 
For a given type of carbide, select 
the hardest grade that will perform 
without chipping. 

8. Use cutting speeds, feeds and 
tool geometries selected from turn- 
ing data obtained under controlled 
cutting conditions. The Data Sheet 
lists recommended carbide grades, 


igest 


tool geometries, cutting speeds and 
feeds for the alloys mentioned. 

In face milling tests on A.1.S.I. 
4340 (heat treated to Rockwell C- 
52), optimum cutter geometry and 
tool angles were studied. A series of 
tests was run in which the angle of 
inclination was kept constant while 
the resultant rake was varied. Then, 
rake was held constant and the angle 
of inclination was varied. A rake of 
negative 10° and an angle of inclina- 
tion of 10° (tool geometry: axial 
angle 0°; radial rake —15°; corner 
angle 45°) provided consistently 
good tool life. 

Tool life is given in inches of work 
travel, with the end point being 
taken as 0.016 in. uniform wear on 
the peripheral flank of the cutter 
tooth, or localized tooth breakdown, 
whichever occurred first. A 2 in. 
width of cut and 0.100 in. depth of 
cut was kept constant for all face 
milling tests. Studies indicated that a 
feed of 0.005 in. per tooth was best. 

Cutter runout becomes a very 
critical factor in tool life. With a 
total cutter runout of 0.008 in., tool 
life was lowered by about 25%, and 
localized wear developed. With a 
total runout of 0.005 in., tool life 
was reduced by some 65%, and 
severe localized wear caused cutter 
breakdown. 

The best tool geometry for face 
milling VascoJet 1000 (heat treated 
to Rockwell C-50) was the same as 
that for face milling 4340 steel. 
Carbide evaluation proved that a 
C-2 grade produced considerably 
better tool life than a C-6 grade. 
Feed of 0.005 in. per tooth was best 
for this alloy. At higher feed rates 
(from 0.010 to 0.015 in. per tooth) 
localized, rather than uniform, wear 
occurs. 


Side milling tests were made, 
using a 7 in, diameter inserted tooth 
face mill, on A.LS.I. 4340 heat 
treated to Rockwell C-52. With a 
single tooth in the cutter, best results 
could be obtained when up milling. 
using a C-6 cutter with —5° axial 
rake and —10° radial rake. Tool 
life was 72 in. work travel when mill- 
ing at a cutting speed of 145 ft. per 
min. and a feed of 0.0075 in. per 
tooth. When down milling, teeth 
chipped badly and tool life was only 
20 in. work travel. Down milling 
was best when using a C-2 grade; 
however, maximum tool life was only 
50% of that obtained from up milling 
with a C-6 tool. 

For side milling VascoJet 1000 at 
Rockwell C-52, down milling with a 
C-2 tool gave best results. At a cut- 
ting speed of 145 ft. per min. and 
0.0075 in. per tooth feed, a cut of 
90 in. was obtained with a single 
tooth cutter with 0° axial rake and 
—15° radial rake. milling 
caused almost immediate cutter 
breakdown. 

Though good tool life was ob- 
tained at Rockwell C-49 to 50, it 
decreased rapidly as hardness in- 
creased to Rockwell C-52. Above 
Rockwell C-52, the material was, for 
all practical purposes, unmachinable 
with the high speed steel end mills 
used in the tests. Feeds between 
0.001 and 0.0015 in. per tooth must 
be used to attain a reasonable tool 
life in end milling 4340 steel at 
Rockwell C-49. 

For end milling 4340 at Rockwell 
C-52, carbide-tipped cutters were 
used. Initial tests were all made with 
standard 1% in. diameter, four-tooth 
carbide-tipped end mills having 1 in. 
diameter shanks, 1% in. flute length 
and over-all length of 4% in. Con- 
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Economically Melts Aluminum Foil, Chips, and Sawings. 


The 700 kw AJAX-JUNKER coreless induction furnace at the Jackson, Tenn., plant of 
ALUMINUM FOILS, INC. — specialists in high-quality aluminum foil, coiled sheet, and 
super-purity aluminum pig — is the largest unit of its type in operation in this country. 
With a total capacity of 7000 Ibs of aluminum, the furnace is capable of melting 
3200 Ibs per hour. 

The AJAX-JUNKER furnace at this company melts plant scrap consisting of foil, 
scalper chips, and sawings, materials requiring special attention when using conven- 
tional furnaces. With the AJAX-JUNKER furnace and its strong inherent stirring 
action, no labor is required for ‘puddling’. One man controls the entire operation. 
Average metal losses are below 2% in this installation where experience with other 
furnace types showed average losses of over 6%. Accurate temperature control, 
dependability, and uniformity of alloy composition are further features of this unit. 
ALUMINUM FOILS are also producing hardener alloys directly from plant scrap with 
a minimum of effort and a maximum of alloy accuracy. 

The AJAX-JUNKER 60 cycle induction furnace is an ideal tool for many different 
applications, melting ferrous and nonferrous metals. Our engineers will be glad to 


study your melting requirements. Write to AJAX ENGINEERING DIVISION, Trenton 7, 
a N. J., for Bulletin R 58. 


m agne thermic 


CORPORATION 


GENERAL OFFICES 
| AJAX ELECTROTHERMIC DIVISION MAGNETHERMIC DIVISION AJAX ENGINEERING OIVIGION . 
Ajax Park P.O. Box 639 + 3690 Simon Road o. Ben 1418 + Lalor @ Hancook Streets 
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Bausch & Lomb 
REMOTE CONTROL 


Stereomicroscope 

© Sharp 3-D views of standard 
laboratory instrument quality 

@ 5x7” stereo camera 

@ 2X to 30X magnification 

@ Non-browning optics 


Bausch & Lomb 


REMOTE CONTROL 


Metallograph 


© Direct views or photography, by 
bright field or polarized light 

@ 25X to 2000X magnification 

@ Non-browning optics 


HOT 
CELLS 


Bausch & Lomb gives you two safe 
new ways to see and photograph 
radioactive materials. 


BAUSC 


Write for Manual D-287, containing speci- 
; ; fications, technical data and photographs. 
Bausch & Lomb Optical Co., 84948 Bausch 


Street, Rochester 2, New York. 
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siderable cutter deflection and re- 
sultant poor life was observed. To 
increase rigidity, special end mills 
were made with a shank diameter of 
1% in., and the flute length cut 
down to % in. These were used in 
all subsequent tests. 

A C-2 grade carbide provided six 
times better tool life than a C-6 
grade. In addition, C-2 grade teeth 
wore evenly and did not chip. Cut- 
ting fluids are required for maximum 
tool life in end milling. When 
sprayed as a mist through the cutter, 
an appreciable increase in tool life 
was obtained. The mist was fed 
through a hollow draw bolt through 
the cutter to the tool work interface. 

Since tool life for end milling 
VascoJet 1000 at Rockwell C-52 
with high speed cutters was ex- 
tremely poor, all subsequent tests 
were made with carbide-tipped tools. 
A C-2 grade and a mist coolant 
applied through the cutter yielded 
the best results. A 0° axial rake and 
0° radial rake were best. Positive 
and negative rake angles caused 
chatter and low tool life. 

Maximum tool life was 105 in. 
work travel at 60 ft. per min. and 
0.0015 in. per tooth feed. At lower 
speeds, chatter and tooth chippage 
occurred. Tool life decreased slowly 
with increasing speed. 

Slot milling tests were made on 
4340 and VascoJet 1000 steels 
quenched and tempered to Rockwell 
C-52. A slot 0.250 in. deep by 1 in. 
wide was milled by a Cincinnati No. 
6 high power horizontal mill. For 
maximum rigidity, a 2-in. diameter 
arbor was used and the slotting cut- 
ter kept as close to the spindle nose 
as possible. Overhang of the over- 
arm was kept at a minimum. Tool 
life was recorded as the inches of 
work travel before cutter break- 
down. Nonferrous C-2 grades were 
four times better for slot milling than 
C-6 grades. The C-2 carbide also 
wore uniformly along the cutting 
edge, while the C-6 grade fractured 
and chipped very badly. 

A combination of bi-negative 5° 
axial and negative 10° radial rake 
produced the highest tool life. The 
tooth face was ground to 5° axial 
rake on both corners of the tip. 
Thus, the cutting edge face shows 
a wedge shape. 


Down milling shows a 3 to 1 im- 
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DON'T TELL YOUR 
COMPETITORS 


there's enough "Extra" here 
to give YOu an EDGE 


ald , SCOVILL Many a Scovill customer has said to us, in effect, “We're doing so 
; well with Scovill Mill Products that it’s giving us a nice little ‘edge’ on 
QUALITY CAN PUT YOU the competition. Don't tell our competitors”. But that kind of 
AHEAD OF COMPETITION “secret” cannot be kept for long, and it's a fact that more and more 


fabricators are following up the smart lead and switching to 

a higher standard of quality in Scovill Brass +» Copper + Aluminum. 
They're finding that Scovill’s deliberately planned program of 

constant improvement in mill production equipment and methods pays 
off in results on the fabricator’s own production line. 

You can buy Brass + Copper + Aluminum Mill products from 

many sources . . . BUT Scovill fabricator-oriented services are 
available only from... the source of Mill Products bearing this Trademark. 


BRASS COPPER ALUMINUM™ 


Scovill Manufacturing Company, Mili Products Division, 99 Mill St., Waterbury 20, Conn. Phone Plaza 4-1171. 


| 


BRASS STRIP and ALUMINUM™M SHEET 


Here is the last word in rolling mill equipment and 
coordinated precision controls for production of brass 
strip and aluminum sheet to far closer dimensional 
tolerances and with far superior micro-inch finish than 
that available under previous commercial standards. 


Fabricators who have been awaiting materials of such 
“super” accuracy, uniformity and micro-inch surface 
finish can expect these important benefits: — 

e A dependably close ratio between anticipated 
footage of metal, weight of metal and actual parts 
produced, because of precision controlled gauge 
tolerances. 


@ Fewer press or other machine adjustments and 
longer tool wear with the use of metal that is more 
uniform in all respects. 


@ Superior finish and appearance of parts as a 
result of much closer micro-inch finish control. 


Fabricators requiring this extra measure of quality, 
this extra aid to maximum economy 
in production of brass or aluminum 
parts, are invited to discuss this new 
Scovill Service. 


wade The tne your produc 


COPPER 
ALUMINUM 


MILL PRODUCTS 


by Tes Thadomark 


Scovill Manufacturing Company, Mill Products Division, 99 Mii! St., 


Waterbury 20, Conn. Phone PLaza 4-1171. 
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Harshaw Scientific Offers 
va Laboratories National Service 
2 on a Local Basis 


GLASSWARE 
| APPARATUS 
EQUIPMENT * 
—— FURNITURE PITTSBURGHe 
OAKLAND CHEMICALS PHILADELPH 


ger CINCINNATI * 
ANGELES 


Gnanonns % Our Branch Warehouses and Sales Offices are strategically 


CLEVELAND 6, OHIO located to serve you. Select the one nearest you and 
1945 East 97th Street 
Tel. VUlcan 3-2424 contact them today. Our combined stock, which is probably 


the largest in the country, is at your disposal regardless 
CINCINNATI 13, OHIO 
6265 Wiehe Rd. of where it is located. Tell us what you need. 
Tel. REdwood 1-9100 We'll get it to you, when you need it. 


DETROIT 28, MICHIGAN Harshaw Scientific, Division of The Harshaw Chemical Company is unique 
vie among, laboratory supply houses. We know what laboratories require since 

‘ our company employs several hundred chemists, scientists, engineers and techni- 
HOUSTON 11, TEXAS cians in its many research, development and control laboratories and we stock 
6622 Supply Row accordingly. —Glassware - Apparatus - Equipment - Furniture - Chemicals 
Tel. WAlnut 3-1627 


LOS ANGELES 22, CALIFORN 4 HARSHAW SCIENTIFIC 
Division of the Harshaw Chemical Company 


Cleveland 6, Ohio 
OAKLAND 1, CALIFORNIA 

; AMARILLO, TEXAS, 3409 S. Jackson Street, Tel. DRake 4-9948 © ATLANTA 5, GEORGIA, 3130 Maple Drive, N.E., 
PHILADELPHIA 48, PA. Tel. CEdar 7-1626 © BATON ROUGE 6, LOUISIANA, 3160 Florida St, Doherty Bidg., Room 103, Tel. Dickens 3-1933 
Jackson & Swanson Sts. BUFFALO 2, .N. Y., 260 Delaware Avenue, Tel. GArfield 9200 © HASTINGS-ON-HUDSON 6, NEW YORK, 
Tel. HOward 2-4700 Tel. LOrraine 2-6250 © PITTSBURGH 22, PENNSYLVANIA, 505 Bessemer Building, Tel. ATlantic 1-6668 
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How a leading furnace maker 


puts turbulence into the quench 


Fast-moving quenchant constantiy scours every surface of every 
piece being quenched. 

As a result, vapor phase doesn’t get a chance to form. Work cools 
rapidly and evenly. Pieces come out uniformly hard all over, and the 
hardness penetrates even the thickest sections without causing 
distortion. 

Lindberg specifies LIGHTNIN Mixers as standard, built-in equip- 
ment to handle the quench agitation job. The mixer drives quenchant 
powerfully over the heat exchanger and through the work. It supplies 
correct balance of turbulence and fluid flow for best possible results. 
Direction of flow can be reversed by flipping a switch. 

LIGHTNIN Mixers are made in sizes and types to provide a uniformly 
agitated quench in any tank from the smallest to the largest. All sizes 
from % to 500 hp. For complete information, call your nearest LIGHTNIN 
Mixer representative (listed in Thomas’ Register) or write us. 


Mixers 


MIXCO fluid mixing specialists 


MIXING EQUIPMENT Co., Inc., 171-n Mt. Read Bivd., Rochester 3, N.Y. 
In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Ave., Toronte 19, Ont. 
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provement in tool life over up mill- 
ing in slotting. With conventional 
milling, there was much vibration 
even when light feeds were used. 

Drilling tests were performed on 
four ultra strength alloys: 4340, 
VascoJet 1000, AM 350 and A-286. 
Those made on 4340 steel with hard- 
nesses of Rockwell C-50 to 55 
demonstrated that tool life depended 
largely on workpiece hardness. With 
a %-in, diameter T-15 drill, a cutting 
speed of 30 ft. per min. and a feed 
of 0.001 in. per rev., drill life was 
100 holes at Rockwell C-50, 30 holes 
at Rockwell C-52, and only 5 holes 
at Rockwell C-55. For maximum 
drill life, it is extremely important 
to keep drill length at a minimum. 
The entire drilling setup must also 
be rigid as possible. A drill life of 
107 holes was obtained in drilling 
AM 350 (Rockwell C-47) using a 
T-15 drill with a crankshaft point, a 
cutting speed of 20 ft. per min., a 
feed of 0.002 in. per rev. and a 
highly sulphurized oil. 

A good tap life of 146 holes was 
obtained in tapping 4340 (Rockwell 
C-50) using standard M-10 four- 
flute taper tap, a highly chlorinated 
oil, a cutting speed of 5 ft. per min. 
and 60% thread. However, for the 
same cutting conditions, tap life de- 
creased to 18 holes for a 70% thread, 
and only 13 holes for a 75% thread. 
Tapping harder 4340 steel (Rock- 
well C-52) was considerably more 
difficult. With a standard M-10, 
four-flute taper tap, a cutting speed 
of 5 ft. per min. and 60% thread, 
the best tap life obtained with any 
commercial cutting fluid tried was 
only eight holes. The use of in- 
hibited 1, 1, 1 trichloroethane as a 
cutting fluid resulted in an outstand- 
ing increase in tap life to 75 holes. 

However, this fluid is volatile and 
toxic. The maximum allowable con- 
centration in air is 500 ppm, (as 
compared to 25 ppm. of carbon 
tetrachloride). Tap life may be fur- 
ther improved by nitriding the tap. 

A good tap life of 101 holes was 
obtained in tapping AM 350 (Rock- 
well C-47) using a standard M-10, 
four-flute taper tap, a cutting speed 
of 9 ft. per min., 75% thread, and a 
cutting fluid made up of 3 parts of 
highly chlorinated oil and one part 
of 1, 1, 1 inhibited trichloroethane. 

C.R.W. 
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DIG INTO 
YOUR 
GREASE! 


ie you'll find you get greater MoS, coverage per dollar 
and a more uniform blend by adding Acheson dag® 208 


Unless you look carefully, you may find it dif- 
ficult to distinguish between greases made with 
different molybdenum disulfide additives. They 
may appear alike ... even feel the same... 
but that’s where the similarity stops. By actual 
photomicrographic comparison, the finer par- 
ticles in ‘dag’ Dispersion 208 are your assur- 
ance of greater coverage . . . at no increase in 
solids content. Or, looking at it another way, 
equal coverage and greater effectiveness can be 
obtained at a much lower solids content, thus 
extending the range of application to even 
closer-tolerance mechanisms. 

Because of the ease with which ‘dag’ 208 can 
be handled, measured and blended, there are 
additional savings in compounding time and 
labor. This stable dispersion assures the 
blender and the end-user of a consistently uni- 
form grease. 


Acheson Colloids Company 
Dept. MP-129, Port Huron, Michigan 


Please send me free of charge your trial sample of 
‘dag’ 208 ‘dag’ 200 


NAME 


COMPANY 


| 


ADDRESS 


city ; STATE 


eee 


ee eee 
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If you are one of the many progressive marketers now consider- 
ing adding a moly-fortified grease to your line, we urge you to 
evaluate ‘dag’ 208 today! If you are one of the many current 
users of moly-fortified lubricants, be sure to specify that the 
ones you purchase are formulated with Acheson’s moly disper- 
sions. Send in the coupon for a complimentary sample. 

The same advantages of molybdenum disulfide can be incorpo- 
rated in petroleum oils and polyalkylene glycol fluids. ‘dag’ 
Dispersions 200 and 207 are the finest colloidal concentrates 
available for these applications. Experimental samples may be 
obtained upon request. 


Shown here is a dramatic compar- 
ison of particle sizes. Both Ache- 
son's new dispersion, ‘dag’ 208, 
(below) and the finest commercial- 
ly available molybdenum disulfide 
powder (at left), have been mag- 
nified 300 times 


Tests prove that the predomi- 
nantly finer particles in ‘dag’ 208 
(at right) provide 80% greater 
hiding power . . . more coverage 
per dollar. 


‘dag’ is a trademark registered in the U. 8S. Patent Office by Ache: m Industries, Ine. 


ACHESON (Co/ids Company 


PORT HURON, MICHIGAN 
A division of Acheson industries, inc. 
Also Acheson Industries (Europe) Ltd. and affiliates, London, England 


Offices in: Boston + Chicago +» Cleveland + Dayton + Detroit + Los Angeles 
Milwaukee + New York + Philadelphia + Pittsburgh + Rochester + St. Louis 
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Jarrell 


Convertible 


EBERT SPECTROGRAPH 


Switches to direct reading analysis in less than a minute... 
determines up to 20 elements in two minutes .. . 


Now you can speed routine analyses photoelectrically, and still 


solve tough ‘‘odd sample”’ or research problems photographically — 
all with the same versatile instrument. No “attachments” to mount 


. +. No tedious realignment. With the turn of a single control you 
can convert from full-range spectrographic analysis to high speed 
direct-reading analysis of as many as 20 elements simultaneously. 


With the Jarrell-Ash 3.4 Meter Convertible Ebert Spectrograph, 
you'll enjoy flexibility that lets you tackle a greater variety of 
materials .. . analytical range to ferret out unsuspected trace 
elements . . . speed to handle more samples per hour — keep 
quality control in step with production. And add to these the 
footstep-saving convenience of a single basic instrument 

with all controls centrally grouped. 

Invite a Jarrell-Ash engineer to show you firsthand how the 
Convertible Ebert Spectrograph will make your analytical efforts 
more rewarding, your lab operations more productive 

and more profitable. 


@ Built-in direct reader photoelectric head fixed in permanent mount — no 
“attachments” to move or realign. 


@ Simple, trouble-free optical system — automatically in focus at all times. 


@ Direct reader dials compute during exposure — results can be read the 
instant ignition stops. 


Single grating delivers full 20” of stigmatic spectrum. 


@ Available as conventional spectrograph only, with provision for easily adding 
direct reader section later if desired. 


JARRELL-ASH COMPANY 


22 Farwell Street, Newtonville 60, Massachusetts 


Jarrell San Mateo, Calif. + Dallas, Texas « Tinley Park, Ill. + Pittsburgh, Penna. 
a Aasth Costa Mesa, Calif. + Atlanta,Ga. « Detroit, Mich. » New Brunswick, N. J. 


MERELY 
SIGN AND 
CLIP TO 
YOUR 
LETTERHEAD 
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CANADA: Technical Service Labs., Toronto, Ontario 


JARRELL-ASH CO., 22 Farwell Street, Newtonville 60, Massachusetts 


We're interested in learning firsthand, without obligation, how the Jarrell-Ash Convertible Ebert | 
Spectrograph can benefit our specific analytical operation. Please have your applications | 
engineer contact the undersigned. | 


Steels for Missiles 


Digest of Charles M. Schwab 
Memorial Lecture by Wernher 
von Braun, U. S. Army Ord- 
nance Missile Command, Red- 
stone Arsenal, Ala. Address pre- 
sented at the 67th General 
Meeting of the American Iron 
and Steel Institute, New York, 
May 1959. 


ATERIALS for tomorrow’s missile 
designs will depend upon the 
ingenuity of the materials researcher 
working with ferrous and nonferrous 
metals. Usually, the designer looks 
first at the strength-to-weight ratio. 
For lightweight booster components, 
which are required to operate under 
ambient or low temperatures, high- 
strength nonferrous materials gen- 
erally are used because of their ex- 
cellent strength-to-weight ratios. 
Ferrous metals have a major ad- 
vantage where elevated temperatures 
and high internal pressure are in- 
volved. For example, solid propel- 
lant motor cases are manufactured 
from steel in almost all instances. 
One reason is that with small rockets 
the weight of the case is not quite 
as critical as in the bigger missiles. 
Another reason is the high pressures 
and elevated temperatures charac- 
teristic of the solid fuel rocket which 
gives a definite edge to high strength 
steel for casings. Some steels pres- 
ently used, or being considered, for 
motor case applications and their 
maximum yield strength are: 


MAXIMUM 

MATERIAL YIELD STRENGTH 
VascoJet 1000 250,000 psi. 
Peerless 56 250,000 
Tricent 240,000 

17-7 PH 220,000 
4130 180,000 
4340 220,000 

PH 15-7 Mo 235,000 
USS-X-200 240,000 


Higher Strength Needed — Even 
the strength-to-weight ratios of these 
materials are not adequate for cur- 
rent propellants. It is expected that 
higher energy propellants will be 
developed and these will require 
metals with higher  strength-to- 
weight ratios. For the Redstone 
missile system, a low-alloy high- 
strength steel, MIL-S-7809 (Cor- 
ten), was employed for the skin of 
the nose cone and the attached in- 
strument compartment due to the 
elevated skin temperatures encoun- 
tered during re-entry and dive 
through the atmosphere. 
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Sherritt High-Purity Nickel is available in handy briquettes (14" x 14%" x 54”) and 
in three grades of powder—Grade C (coarse), Grade F (fine), and Grade S (medium). 


Nickel as you like it . . . in purity, in handling ease, and in alloy- ni ck el 


ing efficiencies. Sherritt’s unique hydrometallurgical refining 
process yields nickel powders with a guaranteed purity of 


better than 99.8%. Available in briquettes and in three grades as you 
of powder, Sherritt nickel takes all prizes for handling ease. 


There are no strips to cut, no unwieldy plates to handle. 1 1 
Alloying is quicker and less troublesome. By disintegrating into like 1t 
smaller agglomerates, Sherritt powders and briquettes go into 
solution more rapidly with less chilling. This low-chilling 
property permits alloying additions even at the end of the 
heat. Sherritt also offers special grades and coated powders. 


FOOTE MINERAL COMPANY is the exclusive sales agent for Sherritt nickel and 
cobalt in the United States and Canada. For product literature, prices, and 
delivery information, contact the Foote Mineral Company, 4248 Eighteen West 
Chelten Building, P P 

SHERRITT ten Building, Philadelphia 44, Pa. 


SHERRITT GORDON MINES LIMITED 
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Beryllium 


MISSILES 
INSTRUMENTS 


Well established in special nuclear applications, BERYLLIUM METAL 
is now being used and tested for structural components in other industries. 

High strength to weight ratio « good high temperature properties « high 
modulus « excellent heat sink characteristics make this light metal attrac- 
tive for current and future design. 

Availability has improved—in quantity and mill forms—fabrication 
sources are increasing rapidly. 

Let us send our latest literature—technical sales service available. 
Keep abreast of latest developments with the growing use of BERYLLIUM 
through . . . 


THE BERYLLIUM CORPORATION 


READING, PENNSYLVANIA 
Wnile to SALES ENGINEERING—BERYLLIUM METAL DEPT. for latest literature. 


Steels for Missiles . . . 


Other missile components usually 
made of steel, include the following: 

1. Valve parts. 

2. Plumbing and ducting. 

3. High-pressure air bottles. 
(S.A.E. 4130 is most commonly 
used. ) 

4. Thrust chamber and nozzles. 

5. Heat radiation shields to pro- 
tect the missile tail. 

6. Fire walls. 

7. Missile ground support equip- 
ment including the fuel and oxidizer 
trucks, instrument vans, personnel 
carriers and flame deflectors. 

8. Finally, the manufacturing 
tools required to form, and shape 
and assemble components and the 
complete system. 

Space Vehicles — Turning to ve- 
hicles designed especially for outer 
space penetrations, additional de- 
mands confront the metals engineer 
and designer. For example, mate- 
rials are needed which will be 
resistant to the adverse conditions of 
the space environment. They include 
extremes of temperature, high vac- 
uum, solar radiation, cosmic radia- 
tion, residual gases and meteoric 
bombardment. New concepts will 
be required to develop alloys to cope 
with these problem areas. 

The conditions which will be en- 
countered in outer space present the 
materials engineer with a new set 
of problems. One major source of 
difficulty has been the lack of infor- 
mation on exactly how serious the 
environmental conditions may be. 
The gaps are being filled in with 
data from satellites, space probes 
and high sounding rockets but a 
great deal more accurate information 
will be needed. How this affects the 
materials picture may be indicated 
by the cosmic radiation phenome- 
non. In this case, the integrated 
effects of radiation on pure metals 
should approach a saturation state 
and be comparable to cold working 
the metal. 

Radiation Effects — In alloys, dis- 
ordering of the desired structure 
and precipitation hardening can 
occur if radiation takes place below 
the annealing temperature. None of 
these effects should affect the use- 
fulness of metals as structural mem- 
bers. However, it is possible that 
metals under stress might undergo 
creep from the effects of radiation- 
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extreme contrast and ultra-fi 


ANSCO SUPERAY ‘C’ ‘is 


quick, easy flaw detection. | 
# stics of all Ansco X-ray films. 
_That’s because Ansco X-ray films 
speed results are needed. ANSCO 
Industrial X-ray 
vision of General Aniline & Film 
151 
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A LOW BUDGET MACHINE FOR} 
HIGH CAPACITY TESTING 


For those who need higher 
capacities, to 1,000,000 lbs. or 
more... larger test clearances 
. . . dependable accuracy... . 
and versatility of testing func- 
tions, the Tinius Olsen line of 
DeLuxe Super “L” Universal 
Testing Machines offers the 
most efficient and economical 
answer. 


Typical of these is the 
600,000 lb. machine (illustrated), which has a horizontal test 
clearance of 62 inches. Load is applied by the friction-free Olsen 
hydraulic system, and accurately indicated on the Selec®range dial. 
Optional program controls can be set to automatically conduct a 
variety of cycling or variable loading tests. An electronic recorder 
together with choice of strain instrumentation produce precision 
stress-strain curves. Additional accessory controls, instrumentation 
and tools can be added as the need arises. In every detail, Tinius 
Olsen gives you the greatest return on your testing machine 
investment. 


Write today for Bulletin 47-HC. 


TINIUS OLSEN 


TESTING MACHINE COMPANY 
2030 EASTON ROAD © WILLOW GROVE, PA. 


Testing and Balancing Machines 


Steels for Missiles. . . 


agitated atoms. Also, the corrosion 
rate may be affected. Laboratory 
experiments along these lines are 
limited largely to radiation of very 
low particle weight, although we are 
aware that the more damaging cos- 
mic radiation will occur from high 
speed heavy particles. 

Another area of great interest is 
the thermal properties of materials 
under influence of extreme cold to 
which all shaded areas are exposed 
in outer space and the high heat flux 
encountered during re-entry condi- 
tions. This is another aspect of 
material technology where the litera- 
ture offers little aid. An example is 
the fact that although tungsten is 
widely used for high-temperature 
applications, little is known concern- 
ing its thermal properties at high 
temperatures. 

Fabrication — It is well to keep in 
mind that we must have useful ma- 
terials; they must not only meet the 
physical demands in terms of such 
properties as stress, weight and 
fatigue resistance, but they must also 
be amenable to fabrication of rocket 
systems and their payloads. The 
requirement is for materials which 
can be formed into various shapes 
and welded to provide pressure ves- 
sels. We cannot design functional 
missiles, satellites and space vehicles 
on the basis of properties of labora- 
tory curiosities. They are simply not 
applicable in the major projects 
which will engage our attention as 
we move ahead. 


A.G.G. 


Conference in Belgium 


Digest of “International Met- 
allurgical Meeting in Belgium”, 
the proceedings of the 1958 In- 
ternational Metallurgical Meet- 
ing held in Brussels, Belgium. 


PROcEEDINcs of the 1958 Interna- 

tional Metallurgical Meeting in 
Brussels have been published in a 
single volume. There are about 35 
papers, covering practically all the 
known methods of producing iron 
and steel. Much of the subject 
matter was also discussed very thor- 
oughly at the Second World Metal- 
lurgical Congress in Chicago in Oc- 
tober 1957. The volume contains 
papers written in English, French, 


METAL PROGRESS 


+ is 
q 
A 
q 
J 
6| « © 
cfs 
152 


“WEIRKOTE® WON'T PEEL OR FLAKE—AND CAN END THE NEED 
FOR FURTHER CORROSION PROTECTION AFTER FABRICATION.” 


Q. A zinc-coated steel sheet that won't peel or flake, even under the severest fabri- 
cating stresses? 


A. Precisely. Weirkote’s made by a continuous process. The zinc is so integrated with the 
steel that even the toughest “torture” tests of fabrication leave that bonded coating 
intact. You can work Weirkote to the very limits of the steel itself! 


Q. Our products are pretty intricate—take lots of flexing, crimping and so on. What about 
those hard-to-reach places? 


A. Weirkote’s zinc coating is so uniform—protects even the most complicated parts. WEIRTON STEEL 
Q. So with Weirkote you bypass the need for further corrosion protection? COMPANY 
A. You get the picture! Think of the time, labor, space—the costly capital outlay—you WEIRTON, WEST VIRGINIA 

save. Better steel products at far lower costs—that’s Weirkote for you! © division of 


Send for free booklet that details the time-and-cost-saving advantages of skin-tight zinc-coated ; 
Weirkote. Just write Weirton Steel Company, Dept. S-2, Weirton, West Virginia. NATIONAL STEEL tbe CORPORATION 


DECEMBER 1959 153 


: 
» 
} 
j . 


UM ULTRASONIC REFLECTOSCOPE 


Now you get maximum economy, flexibility in ultrasonic test- 
ing equipment with Sperry’s unitized Reflectoscope. The new 
UM design features low-cost interchangeable plug-in units so 
that various components can be accommodated. You get choice 
of frequency ranges, alarm and recording channels, attenua- 
tion correction, counting and totalizing channels. This eco- 
nomical building block method permits adding to instrumen- 
tation to meet increasing or changing testing requirements. 


UI ULTRASONIC REFLECTOSCOPE 


Latest concept in ultrasonic testing equipment. The most ad- 
vanced instrument for lab and production line testing, compact 
for use on bridge or bench. 

Plug-in receivers with frequency ranges from 1 to 25 mcs. 
Large 12” CRT with dual trace 2-color display. Double slope 
curves for distance amplitude correction — both near-zone 
and attenuation. 

Exclusive features: Four instantaneous or continuous alarm 
channels with separate channel indication. 


Write for descriptive literature. 


Sperry Products Company 


a division of Howe Sound Company 


Danbury, Connecticut 


Belgian Conference . . . 


German and Italian. Authors and 
discussants came from Belgium, 
France, Germany, England, Swe- 
den, Austria, Italy, Japan, India, 
Formosa, the United States and the 
U.S.S.R. 

Since Europeans make about half 
their steel in converters, there were 
ten papers from different countries 
describing converter operations. 
The Belgians and French describe 
the manufacture of steel in bottom- 
blown basic converters using en- 
riched air of about 30% oxygen. 
The use of iron ore in basic con- 
verters, oxygen and steam in the 
final stages of the blow, and oxygen 
with powdered lime added for de- 
sulphurization were also discussed. 
Steel made by these various proc- 
esses was low in nitrogen (under 
0.005%) and no higher in oxygen 
or hydrogen than openhearth steel. 

The Germans compared the L-D 
process, the bottom-blown basic 
bessemer process with 32% oxygen, 
oxygen steam blowing, and blowing 
with ordinary air. In an Austrian 
paper, the method for processing pig 
iron containing 0.5 to 1.5% P was 
described. The top-blown oxygen 
converter does not appear too suc- 
cessful when the phosphorus content 
is about 0.5%, due to the large slag 
volume. However, higher phos- 
phorus pig irons were successfully 
blown in the oxygen converter by 
using two slags. The first slag was 
skimmed, and the second used for 
the first part of the next heat. After 
the slag was added, blowing con- 
tinued for 10 min. with oxygen. 
Then fine ore was added and the slag 
skimmed. Fresh lime was added 
since the. phosphorus content was 
below 0.40% at this stage. To hold 
the second slag in the converter after 
dephosphorization was complete, the 
steel was poured through an open- 
ing in the side wall under the slag. 
This left the second slag in the 
converter for the next heat. 

The Kaldo process, which was 
operated in Sweden in 20-ton vessels, 
was again described by Bo Kalling. 
In this process, a converter, tilted 
at about 20° to the horizontal and 
rotated slowly, is blown with pure 
oxygen. A thorough mixing of the 
slag and the metal is thus obtained. 
If high-phosphorus iron is processed, 
two or three slag-offs are made the 
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same way as in the L-D process. 

The Germans also described the 
rotor steel works at Oberhausen. 
There a horizontal vessel of about 
100-ton capacity is blown with two 
oxygen jets, one above the bath and 
the other beneath the bath, while 
the cylinder is slowly rotated. This 
operation works very much like the 
Kaldo process. (All of the vessels 
described here are lined with basic 
refractory.) 

The Russians had an interesting 
paper describing the casting of con- 
verter steel in a vacuum. It showed 
how the oxygen, hydrogen and 
nitrogen were reduced on both rim- 
ming steel and killed steel with this 
operation. 

Seven papers described open- 
hearth operations. They covered 
such items as oxygen-enriched air 
for combustion, blowing of pure 
oxygen into the openhearth bath for 
decarburization, and the ail-basic 
openhearth. A _ particularly fine 
paper describing openhearth proc- 
esses in the United States was given 
by Max Lightner and David Mc- 
Bride of United States Steel Corp. 
Several of these papers discussed 
different types of basic refractories. 

There was a lot of discussion of 
the all-basic openhearth. The use 
of oxygen for decarburization has 
caused a temperature rise in the 
openhearth above 1650° C. (3000° 
F.). Sometimes temperatures 
reached 1800° C. (3270° F.). Under 
these conditions, the old silica roofs 
are inadequate because this refrac- 
tory melts at about 1650° C. (3000° 
F.). About half of the openhearth 
furnaces in Russia and Germany and 
over 100 of the 900 furnaces in the 
United States have basic roofs. The 
life of the basic roof seems to be 
two or three times that of a silica 
roof. However, since the basic re- 
fractories cost a lot more than silica, 
this additional cost must be offset 
by increased production per hour 
and fuel savings per ton of steel 
made. In the United States, these 
savings have been accomplished 
since several steel companies are 
producing steel in openhearth fur- 
naces at a rate of 50 tons per hr. 
compared to the old rate without 
oxygen of 15 to 20 tons per hr. 

Two papers on electric furnace 
steel production described the use 
of oxygen with hot metal. They 
also emphasized that electric fur- 
naces are more economical than any 
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ULTRASONIC 
THICKNESS 
GAGE 


Now you can measure wall thickness accurately with 
Sperry’s new direct reading ultrasonic thickness gage. Bat- 
tery-operated, it is small and light enough (10 Ibs.) to be 
carried anywhere — to inspect missile nose cones, other 
rocket components. 

Using the pulse echo method, this 
new Sperry thickness gage works 
even where surfaces are not paral- 
lel, such as taper forgings. Easy- 
to-read meter is directly calibrated 
in inches, and alarm lamps are 
provided for go-no-go operation. 
Send to Sperry for a free bulletin 
giving more detailed information 
on the new ultrasonic thickness 
gage. 

There is a full line of ultrasonic in- 
spection instruments available from 
Sperry, for fourteen years leading 
designers and engineers of ultra- 
sonic testing equipment. Call a 
Sperry engineer to help solve your 
ultrasonic testing problems. 


Write for descriptive literature. 


Sperry Products Company 


a division of Howe Sound Company 


Danbury, Connecticut 
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Progressive Foundry Engineering 
Develops Accurate Components.. 


-again, UNITCASTINGS 
do the job beffer! 


Unitcast foundry technicians, working 
hand-in-hand with customer’s engineers, 
match new processes and developments with new 
steel casting demands. 


The close tolerance requirements of this new 
horizontal gate mechanism proved a challenge. 
Designed around a new hypo-cyclic gear to reduce 
operating effort 80%, finished costs had to remain 
competitive. Each component was delivered to 
finished size with only touch up grinding necessary 
before assembly, and a high quality, durable product 
was marketed with the benefit of cast steel. 


Unitcast offers similar service to help you with 
close tolerance, cost reducing problems. 
Write or call today for complete information. 


UNITCAST CORPORATION, Toledo 9, Ohio 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 


Belgian Conference . . . 


other for melting an all-scrap charge. 
The very large furnaces which are 
now being built vary from 100 to 
200 tons in capacity and are very 
economical when melting cold 
charges. 

A very long paper was given on 
the experimental low-shaft blast 
furnace. Results obtained with this 
furnace were apparently uneco- 
nomical, and it is obvious that there 
will not be much application. The 
Swedish and English discussants of 
this paper pointed out that a low- 
shaft blast furnace is only a small 
model of a large modern blast fur- 
nace. Production per man hour is 
small compared to the larger fur- 
naces. Anticipated advantages of the 
low-shaft blast furnace are in proc- 
essing fine ores and use of fine coke 
from coal. Troubles with fines have 
been largely overcome in large fur- 
naces by sintering and by screening 
out fines from the charge. 

All the various processes for the 
direct reduction of iron ore were 
described by P. E. Cavanagh of 
Canada and Antonio Scortecci of 
Italy. At least 12 different methods 
for reducing iron ore by direct re- 
duction were discussed. Of the 
multiplicity of processes described, 
it seems apparent that the R-N, the 
H-iron and the Krupp-Renn process 
are all in commercial operation. 
Finally, the sponge iron plant in 
Sweden, such as the Hoganas meth- 
od and the Wiberg-Soderfors shaft 
furnace, are also being used com- 
mercially now. 

There were two papers describing 
the various operations of modern 
blast-furnace techniques. In these, 
the preparation of the ore, use of 
all-sintered charge, use of higher 
blast temperatures, use of oxygen 
and steam in the blast and use of 
high pressure in the furnace were 
described. Papers by Americans, 
Russians, Britons and Belgians were 
presented on these subjects. 

Finally, there were ten papers on 
the continuous casting of steel, all 
of which were routine and have been 
thoroughly described elsewhere. 

One interesting factor of the vol- 
ume is that every paper has a com- 
plete bibliography of references and 
these might be very valuable to any- 
one investigating any of the opera- 
tions discussed. 

E. C. Wricut 
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Mold made of UHB PREMO—Hob of UHB TRI-TUNG 


This Plastic Mold Was Cold Hobbed 
Without Annealing! 


This mold made from UHB PREMO, a 5% chrome- 
type plastic mold steel (SAE P4), is used for molding 
plastic containers (Polyvinyl Chloride). 


Because UHB PREM O isextra low in carbon content, 
very soft in its annealed state, and has truly outstand- 
ing sinking properties, the hobbing of this mold was 
done in four stages with no annealing between stages! 


When hardened and tempered, UHB PREMO hasan 
excellent wear resistant case—a high core hardness, 
(Brinell 250-300 depending on size) which provides 
good resistance to sinking, and it also polishes to a 
mirror-like finish with a minimum of effort. The 


mold blank was approximately 8” high by 8” di- 
ameter—the cavity is 4-11/32” deep. Hobbing was 
done with ram speeds of 0.05” to 0.06” per minute. 


This mold was cold hobbed with a hob made of UHB 
TRI-TUNG, a high-carbon, high-chrome steel 
(SAE D6). The hob was copper plated between 
stages and lubricated with “ Molykote”’, (Molybde- 
num Disulfide powder and SAE 10 oil). 


There are more than 2800 different types, grades 
and sizes of Uddeholm Tool Steels available from 
warehouse stocks, which will give equally good 
results for their recommended applications. 


Write today for your UHB PREMO Booklet with Stock Sizes! 


~vly UDDEHOLM COMPANY OF AMERICA, INC. 


155 East 44th Street, New York 17, N. Y. 


© MuUrray Hill 7-4575 


BRANCH OFFICES & WAREHOUSES: Long Island City, W.Y.: 22-14 37th Ave., MUrray Hill 7-4575 Cleveland: 4540 East 71 Street, Diamond 1-1110 


TOOL AND DIE STEELS Los Angeles: 5037 Telegraph Road, ANgelus 2-5121 DISTRICT REPRESENTATIVES: Chicage: Frank J. Mackin, Leroy E. Marshall, 55 East Washington, STate 2-1649 
COLD ROLLED SPRING Detroit: Warren H. Nugent, 17304 Lahser Road, KEnwood 5-6340 Philadelphia: Frank T. Campagna, 1418 Walnut St., PEnnypacker 5-2114 
STEELS TOOL STEEL WAREWOUSE DISTRIBUTORS: Rockford, Il!.: Rockford Industrial Stee! Service, 2229 Twenty-Third Ave. WOodland 3-5463 
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Three new age-hardenable titanium alloys may prove 
to be the solution to many of the strength-weight and 
temperature problems encountered in designing ad- 
vanced aircraft and missiles. They may also prove 
extremely economical for such applications. 


All three offer much higher strengths than other 
titanium alloys — and have the light weight and cor- 
rosion resistance typical of titanium alloys. Further- 
more, they are readily FORMAGEABLE* — capable of 
being formed in the solution-treated or “soft” con- 
dition and then strengthened by simple thermal aging 
techniques. Each is now in pilot production and avail- 
able in limited quantities of mill products. 


First Age-hardenable All-beta Ti Alloy 


Crucible B-120VCA is the first useful titanium 
alloy with an all-beta (high temperature) structure. 
It has both the highest strength and best formability 
of any titanium-base alloy. 


This alloy’s composition (138%V-11%Cr-3%Al) en- 
ables its structure to stay all-beta during forming 
and/or during slow cooling, and to age to high 
strength levels at temperatures where distortion is 
not a problem. 


B-120VCA has a unique combination of proper- 
ties. Room temperature strengths of 200,000 to 
250,000 psi have been obtained. On a strength-weight 
basis this is the highest strength of any available 
structural material. In short-time elevated tempera- 
ture tensile tests (1-2 minutes), it offers a decided 
strength-weight advantage over alternate materials 
at temperatures up to at least 1,000 F. Under creep 
conditions, for very long periods of time, it enjoys a 
strength-weight advantage up to at least 600 F. 
Beyond this limit, the other Crucible FORMAGEABLE 
titanium alloys are recommended. 


B-120VCA is ductile-weldable, cold-headable, and 
has great and deep hardenability. Because of this 
formability, it should prove suitable for applications 
such as aircraft skins, stiffeners and other primary 
structural shapes, and for missile pressure tanks, 


New Age-hardenable Titanium Alloys Offer 
Up to 220,000 psi Tensile Strength and Easier 5 
Formability for 600 to 1,000 F Applications i 


rocket motor cases and structural members. Prelimi- 
nary tests indicate it may prove unequalled as a con- 
struction material for honeycomb assemblies. Because 


COMPARISON OF F 
RUCIBLE ITANIUM ALLOYS V5 PH STEEL 


TEMPERATURE (°F) 


it is so easy to cold-head, it has a large potential in 
such items as rivets. 


Alpha-beta Titanium-base Alloys 


Crucible C-105VA is an alph-beta titanium-base ma- 
terial which also is FORMAGEABLE. Its 16% vanadium 
content stabilizes a sufficient amount of the beta 
phase for good age-hardenable response; the 2.5% Al . 
content improves the alloy’s elevated temperature 
properties. 


C-105VA resolves two conflicting requirements for ? 
aircraft sheet material. It is soft, ductile and easily 
formed in the solution-quenched condition. Because 
the formed parts can be aged subsequently at moder- 
ate temperatures, parts made of C-105VA can pos- 
sess high strengths at temperatures up to 800 F for 
long periods of time. < 


| 
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This third alloy, C-115 AMoV (4%Al-3%Mo-1%V), 
also shows considerable promise for aircraft sheet 
applications. It is age-hardenable to higher strengths 
than C-105VA with only slight sacrifice in forming 
characteristics, 


Considerable data on the properties and fabricat- 
ing qualities of all three alloys have been assembled 
by Crucible’s Titanium Division. For data sheets and 
additional information, send the coupon. 


Tool Steels Replace 
Standard Alloys 
for Production Parts 


As design and metallurgical engineers require ma- 
terials with improved properties or greater uniform- 
ity, they are turning more to the use of tool steel for 
production parts. Here are three good examples: 


1. Vanes in the hydraulic system that actuates the 
automatic steering mechanism on cars are made of 
Crucible REX® M-2 high speed steel. REX M-2 com- 
bines the abrasion resistance necessary for minimum 
wear with the impact resistance needed for long life 
and safety. The manufacturer experimented with 
numerous other steels, but high speed steel lasted 
longer than any other type tested. 


2. Actuator bars for a nationally-known calculator 
are now being produced of Crucible KETOS® — a low- 
priced AISI Type Ol alloy tool steel — because the 
thin, close-tolerance contact edges withstood over 
4-million high speed blows in a life test. No other 
steel has lasted more than 1-million cycles before 
chipping and failing. 


3. Cylinder block for a fast acting, aircraft 
hydraulic pump made of Crucible Chrome tool steel. 
Pump operates at temperatures up to 500 F, pres- 
sures to 5,000 psi. Tool steel was selected over a 
standard AISI alloy because of its high degree of 
cleanliness, uniform response to heat treatment, and 
controlled hardenability. Furthermore, because tool 
steel practices are employed in making it, the steel 
more consistently meets the critical mechanical and 
physical properties required in this application. 


CRUCIBLE 
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For data sheets on these and all other Cruciblz tool 
steels — send the coupon. 


High Boron Stainless Steels 
Made Possible 
by Vacuum Melting 


Type 304 stainless steel with boron has proved to be 
an excellent material for nuclear equipment, because 
the boron readily absorbs neutrons. By increasing 
the boron content, valuable weight and thickness re- 
ductions can be made in reactor shielding and control 
rods. 


Unfortunately, convertionally melted borated 304 
becomes “hot short” — virtually impossible to work 
if the boron content exceeds 1%. Vacuum melting has 
provided the answer to this problem. Vacuum-melted 
304 stainless is readily workable when the boron con- 
tent goes up to 2% or even higher. 


Vacuum melting the alloy also provides closer con- 
trol of the composition, because only pure materials 
are used. So, undesirable elements such as cobalt — 
which becomes radioactive upon bombardment — can 
be kept to a minimum. In fact, vacuum-melted Type 
304 stainless can be supplied with less than .001% 
cobalt. 


For additional information on vacuum-melted 
steels — send the coupon, 


CRUCIBLE STEEL COMPANY OF AMERICA 
Dept. EL-09, The Oliver Building 

Mellon Squore, Pittsburgh 22, Po. 

Gentlemen: 

Please send me the following: 

. Dato sheets on B-120VCA [] C-10SVA C-11SAMov 
. A copy of “Titanium Ailoys for Aircraft and Spocecroft” 

by Finlay, Vordah! ond Malone 
. Data Book on Crucible tool steels [J 
. Data sheets on vacuum-melted steels [1] 


Title. 


STEEL COMPANY OF AMERICA 


*Reg. Trode Mark 
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Laboratory Equipment: One- Automatic Carbonitriding Fur- 


unit box furnace (shown), muffle maces: Automated integral 
or for non-oxidizing atmosphere quench type (shown) with 
with temperature range to 3000° F. CORRTHERM electric elements. 


Melting and Holding Furnaces: Aluminum Reverberatory Fur- 
Electric resistance furnace maces: Twin-chamber melting 
(shown) with capacities of 750 and holding furnace (shown) with 
Ibs. to 1500 ibs. 45,000 Ibs. capacity. 


Gantry Type Furnaces: Verti- Atmosphere Generators: Hyen is 
cal, controlled-atmosphere, drop generator (shown) for endother- 

bottom, hardening furnace mic atmospheres. Generators 

(shown). Complete installation for all required atmospheres. 


field-installed by Lindberg. 


Ceramic Kilns: Fully automatic, Cyclone Tempering Furnaces: } 
atmosphere controlled kiln Batch type fuel fired tempering | 
(shown) has 5 control zones for furnace (shown). Famous in ; 
flexibility. Maximum temperature, metal treating industry for years. + 
2700° F 


fadustry has been our only voca- 
tion for Many years. When prodact needs 
heat it MAkes sense to consult the most widely 
experienced @xperis you cen find. We believe we 
have thenvfiereat Liodbery. First of all, we manu- 
facture falliine of equipment, the most complete 
ithe Rest treating furnaces, «alt bath 
furnaces, melting furnaces, induction heating 
kilns, laboratory and pilot plant 
firnaces—electric or fue! fired, built in our plant 
ar eld installed, So, we can recommend just the 


LINDBERG ENGINEERING COMPANY 
2448 West Hubbard Street, Chicago 12, Illinois 
Los Angeles Plant: 11937 South Regentview Avenue, at Downey, California 


ARGENTINA AUSTRALIA CANADA 
Lindberg-Argentina, S.R.L. Lindberg Engineering Co. Birletco-Lindberg, Ltd. 
Suenos Aires Melbourne Toronto 


WEST GERMANY JAPAN 
Benno Schilde Maschinenbau AG Lindberg Japan Engineering Co., Ltd. 
Bad Hersteid Tokyo 


FRANCE ITALY SOUTH AFRICA 
Etablissements Jean Aubé Lindberg Italiana, S.P.A. Efco-South Africa 
Paris Milan Johannesburg 


SPAIN ENGLAND SWITZERLAND 
Aube-Lindberg, S.A.E. Electric Resistance Furnace Company, Ltd. Efco-industrieoten A.G. 
Barcelona Weybridge, Surrey Base! 


correct techniques best suitéd to your 
requirements and your production methods, Her: 
at xindberg we heave an exceptionally creatiy 
group of metallurgists, research technicians and 
engineers, the best in the’ business, we vow. You 
coufit.en them to answer your iadustria! 
bésting problems satisfactorily, no matter how 
copaplex or unusual. Our world-wide organization 
with plants end subsidiary companies 1 man) 
countries, makes this superior service available 
you anywhere. 


High Temperature Furnaces: Induction Heating Units: New 


New Graphite Tube Furnace Lindberg Floating Zone Scanner 
(shown) with temperature range for precise production of hyper- 

F. to 5000° F. for research pure semi-conductor materials 
and production in metal and ce- and metals and Induction Heat- 


ramic fields. ing Unit (shown). 
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General view of complete Heat Treating Department at new plant of Lear, Inc., Grand Rap: 


Electric atmosphere brazing 3 


The heat treating requirements for the new Grand Rapids plant of Lear, 
Inc., were put into Lindberg’s hands. We supplied them in the way the 
photographs show. Our engineers cooperated fully with Lear in the selection 
of the proper Lindberg equipment and the layout of the complete heat 
treating department. This installation illustrates one of the big advantages 
of consulting with Lindberg. Our years of experience in all phases of the 
application of heat to industry, our complete line of all types of industrial 
heating equipment offer the best assurance that you can coordinate all 
your needs in one reliable, experienced source. Consult your local Lindberg 
Field Representative (see classified phone book) or write us direct. 


A d 4 | 
* 
Electric pit furnace tor treatment of — af, 
in dry hydrogen atmos- pl 4 
4 hae heat for ind ORRTHERM 
2 gral quench furnace with CORR’ RI 


NOW ROTOBLAST STEEL SHOT 
PROVES CUTS ABRASIVE COSTS! 


Rotoblast 

Steel Shot 

has already 
stacked up an 
impressive record 
of reduced costs 
in foundries and 
blast cleaning 
departments” 
from coast 

to coast! 


e Atlantic Coast steel foundry—Compared 
with premium abrasive formerly used, 
Rotoblast Steel Shot cuts abrasive costs in 
half—and gives better cleaning than before! 

e Southwestern manufacturing company— 
Now uses 7 Ibs. of Rotoblast Shot per 
wheel hour, compared to 23 Ibs. of malle- 
able shot previously used! 

eLarge automotive foundry — Rotoblast 
Shot consumption 30% less than other 
steel shot tested; cleans castings faster! 

e Eastern steel plant—Now uses Rotoblast 
Shot to descale steel strip, after exacting 
lab tests proved it better than previous 
steel abrasives! 


e Midwest forge shop—Found Rotoblast 
Shot reduced abrasive costs 23% below 
that of abrasives previously used! 

e Steel tank company—Cut cleaning costs in 
half (from 4c to 2c per sq. ft.) when it 
switched to Rotoblast Steel Shot. 


These examples are just some 
of the many proving Roto- 
blast’s cost-cutting qualities! 
Arrange a trial in your plant! 
Talk to your Pangborn man 
orwrite PANGBORN CORPORA- 
TION, 1800 Pangborn Bivd., 
Hagerstown, Maryland. 
Manufacturers of Blast 
Cleaning and Dust Control 
Equipment—Rotoblast Steel 
Shot and Grit. 


- Names available on request 


ROTOBLAST 
STEEL SHOT 
— 


ROTOBLAST” 


STEEL SHOT AND GRIT 


Welding . . . 


(Continued from p. 124) 


such as Armco iron, which is not 
susceptible to zinc penetration. 


Nickel-Base Alloy Weldments 


Julius Heuschkel, Westinghouse 
Research Laboratories, described 
studies of the characteristics of arc 
welds in nickel-base alloys. Little 
information is available on the 
strength of these alloys as they are 
cooled from the solidification tem- 
perature. Generally his study indi- 
cates that nickel, Monel, and Inconel 
“X” suffer a loss in ductility as they 
cool through certain temperature 
ranges above 1100° F. For example, 
between 1100 and 1900° F., Monel 
welds made with covered electrodes 
had reduction in area values of less 
than 20%. In the range 1100 to 
1700° F., Inconel “X” passed 
through a sharp decrease in ductility, 
hitting a minimum of 4% reduction 
in area at 1400° F. Reduction in 
area of Inconel welds, however, 
never went below 40% during 
cooling. 


New Welding Techniques 


J. G. Thomas, Aeroprojects, Inc., 
discussed the progress and charac- 
teristics of ultrasonic welding. More 
equipment is becoming available and 
the technique has been developed to 
the point where it is gaining recogni- 
tion in areas such as electronics and 
bimetal joining where conventional 
welding has run into trouble. 

Numerous welds were made 
which demonstrate the versatility of 
ultrasonic welding for joining thin, 
dissimilar metals. For example, 
nickel has been joined to gold, zir- 
conium to copper, silicon to gold, 
and aluminum to many other metals. 
Best welds are made at high power 
with high clamping force between 
the sheets being joined. The joining 
mechanism apparently is the inter- 
penetration of the alloys by plastic 
flow at the interface of the base 
metals. According to M. W. Bren- 
necke, who reported on work at the 
Aluminum Co. of America on ultra- 
sonic welding of aluminum, solid- 
state bonding accounts for about half 
the width of the joint while the rest 
of the bond appears to be a mechani- 
cal interlocking of the surfaces being 
welded. Surface preparation before 
welding seems to be necessary only 
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LOOK 
FOR THE 
DIAMO DS—sIGN 
OF FINISHING 
QUALITY 


Now, here’s a fast, easy, economical way to 
almost double the protection against corrosion 
on your product. Simply follow up the IRIDITE 
process with a fast. easy application of IRILAC 
. and you’ve given your product extra pro- 
tection for longer resistance to corrosive condi- 
tions, longer shelf or storage life protection 
from handling, and increased beauty for more 
attractive appearance and faster sales. 


ON ALUMINUM 


An IRIDITE-IRILAC finish will provide 
longer life for storm doors, windows, outdoor 
furniture, auto parts and accessories, tubing or 
wire goods. And, you have a choice of color 
finishes such as natural aluminum and golden 
yellow. Other colors may be obtained by an 
additional dye operation. 


ON MAGNESIUM 


IRILAC over an IRIDITE No. 15 finish in- 
creases corrosion protection, and provides resis- 
tance to finger printing and abrasion on all types 
ef products, with color appearance ranging from 
light to dark brown. 


IRIDITE plus IRILAC gives your product 
longer life and brighter appearance. Color 
choices range from clear IRIDITE to olive 
drab, plus colored dye finishes. 


NOW—A Great New 
Combination for 


DOUBLE 


PROTECTION 
Against 


Corrosive Conditions 
on Aluminum, 
Magnesium or Zinc 


LIRIDITE) 
CHROMATE CONVERSION COATINGS 


and 


CLEAR PROTECTIVE COATINGS 


IRIDITE is the tradename for a specialized 
line of chromate conversion coatings that 
can be applied to any non-ferrous metal by 
brush, dip or spray methods—at room 
temperatures—manually or with automatic 
equipment. Upon application, a thin film 
forms which becomes an integral part of the 
metal itself, and thus cannot chip, flake or 
peel. No special equipment, exhaust systems 
or specially trained personnel are required. 


IRILAC is the tradename for a line of clear 
protective coatings for all metals. As safe and 
easy to handle as water, they may be applied 
by brush, dip or spray methods. No exhaust 
or special fire protection equipment required. 
Adds protection and abrasion resistance to 
any base metal, plated part or parts treated 
with electrolytic or chemical post treatments, 
without chemical change. 


FREE TECHNICAL MANUAL. Or, 
see the Allied Field Engineer in 
your area. He's listed under 
“Plating Supplies” in the yellow 
pages. 


Allied Research Products, Ine. 4004-06 east monument STREET * BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 
West Coost Licensee for Process Chemicals: 1. H. Butcher Co. 


chemical Processes, Anodes, «cs 
Cootings 


Chromate 
Rectifiers Equipment, ond Supplies for Metal Finishing Coatings 
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Cleor Plating Chemicals & Line of 
Brighteners Supplies Equipment 
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Here are two good examples of our work 
in high-nickel castings! 


OFFICE AND 
EASTERN OFFICE: 
ATLANTA OFFICE: 
CHICAGO OFFICE: 
DETROIT OFFICE: 


These are in the Duraloy HT group 
calling for Ni 33.37 percent. We've 
gone as high as 68% nickel on 
some castings where extremely 
high temperatures and very severe 
corrosive conditions had to be re- 
sisted. The important factor con- 
cerning castings for exceptionally 
high temperatures is that they must 
retain their structural form under 


load. 


Knowing just how much nickel 
to put in and how much chromium 
and other alloying elements de- 
pends to a large extent on experi- 
ence ... and it is experience that 
we can offer you for the castings 
you need. We've been producing 
static castings since 1922 and cen- 
trifugal castings since 1933, being 
among the pioneer founders in 
each class. 


If you would care to have our 
metallurgist study your casting 
problem, we shall be glad to have 
you call upon us for the service. 


PLANT: Scottdale, Pa. 


12 East 41st Street, New York 17, N.Y. 
76—4th Street, N.W. 
332 South Michigan Avenue 


23906 Woodward Avenue, Pleasant Ridge, Mich. 


Welding . . . 


with the aluminum-magnesium and 
heat treatable aluminum alloys. One 
important characteristic of ultrasonic 
welds: There is no melting at the 
interface. 

Another important technique, 
electron beam welding, was de- 
scribed by George Burton, Jr., and 
W. L. Frankhouser, Bettis Atomic 
Power Div., Westinghouse Electric 
Corp. Briefly, welding by this 
method is done by converting the 
kinetic energy of a_ high-velocity 
beam of electrons to thermal energy 
at the metal surface. The principal 
characteristic is that the thermal 
energy is highly concentrated; this 
results in a narrow weld and heat- 
affected zone. The process is espe- 
cially suitable for welding reactive 
and refractory metals and metals 
with high thermal conductivity. It 
has been used successfully for crit- 
ical welds such as encountered in the 
fabrication of clad uranium fuel rods 
where the narrow area of fusion of 
ultrasonic welding permits sealing 
the rods without contaminating the 
cladding metal (Zircaloy-2). 8 


Blisters on Aluminum 


Digest of “Cavity Formation 
During the Heat Treatment of 
Aluminum Alloys”, by I. J. Pol- 
mear, Journal, Australian Insti- 
tute of Metals, Vol. 3, November 
1958, p. 267-271. 


Bistznnc of aluminum alloy parts 
during heat treatment is a com- 
mon cause for rejection. For blis- 
tering to occur, the material must 
contain dissolved gas and internal 
cavities into which the gas may dif- 
fuse. Typically, the cavities may be 
gas porosity, shrinkage, laps or 
seams. They may also occur due 
to liquation of low-melting-point 
constituents if the solidus tempera- 
ture is exceeded during heat treat- 
ment. On occasion they may have 
formed in material, initially quite 
sound, during heat treatment in air 
below the solidus temperature. 
Cavities of this last type were 
produced experimentally in A.A. Al- 
clad 24S. Test specimens were so- 
lution treated for various times in a 
closely controlled air-circulating fur- 
nace just below the solidus tempera- 
ture, as determined by careful test. 
Microscopic examination showed 
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Now-a new symbol 


Jor top quality aluminum! 


This striking design is Aluminium Limited’s new 
corporate symbol, and your assurance of the finest 
in aluminum ingot products, service and research. 

Like the company it identifies, the new mark stands 
for primary aluminum with quality assured by Aluminium’s 
world-wide resources: unequalled bauxite and alumina 
facilities; massive hydro-electric plants and smelters; 
the latest in research facilities in Canada, England 
and Switzerland. 

For information on how these world-wide facilities 
can serve you—call our nearest office. 


Aluminium Limited 


Ingot Specialist...serving American Aluminum Fabricators — 
In the U.S.—Aluminium Limited Sales, inc., 630 Fifth Avenue, New York 20,.N.Y. CLEVELAND * CHICAGO * LOS ANGELES + DETROIT + ATLANTA * ST. LOUIS 
Additional distribution (Alcan Foundry Alloys): Apex Smelting Co., Chicogo, Cleveland, Los Angeles. Charles Batchelder Co., Inc., Botsford, Conn. Aluminum Inc., Fort Louderdole, Flo. 


ALCAN 
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Blisters on Al. . . 


cavity formation, frequently adjacent 
to intermetallic compounds. Some 
of the compounds had dissolved. 
Cavity size and number increased 
with longer heat treatment. Cavity 
arrangement was markedly similar 
to that of the compounds prior to 
heat treatment. 

Mechanisms which might account 
for the initial formation of these 
cavities are: 

1. Submicroscopic pinhole porosi- 
ty, previously in the material. 

2. Formation of molecular hydro- 
gen from hydrogen atoms within the 
undisturbed aluminum lattice. This 


could create minute cavities which 
then act as sinks to collect more 
hydrogen atoms. 

3. Reaction of dissolved hydrogen 
with some included matter. 

4. Coalescence of vacant lattice 
sites during heat treatment. 

A random arrangement of cavi- 
ties (rather than one related to that 
of the intermetallic compounds) 
would have been likely had pinhole 
porosity, formation of molecular hy- 
drogen or reaction of dissolved hy- 
drogen with included matter been 
the cause of the cavities. The for- 
mation of molecular hydrogen or of 
a gas by reaction of the dissolved 
hydrogen with included matter 
would require deformation of the 


Try -- Before You Buy! 


send us samples of your tools 
for a demonstration of 


SENTRY HARDENING 


Sentry performance — consistency, low cost, high quality — is the best 
proof that you need a Sentry furnace. Without reservation, you can 
entrust your valuable high speed tools to the Sentry Diamond Block 
Atmosphere. All steels hardening above 1750°F can be soaked to 
ensure maximum hardness without danger of scale or decarburization. 
Surface spoilage is positively eliminated. Send us your high speed or 
high carbon high chrome tools and dies for free demonstration 


hardening. 


TRADEMARK 


Request Catalog 


entry 


ELECTRIC 
FURNACES 


* Write THE SENTRY CO., FOXBORO, MASS. 


surrounding material. The force re- 
quired for this would be very large 
when the size of the cavity is near 
zero. Thus, it seems highly unlikely 
that the cavities were formed in any 
of these ways. 

Coalescence of vacant lattice sites 
as a source of cavities requires a 
mechanism by which the vacancies 
may collect. One suggestion is that 
the vacancies diffuse to the interface 
between intermetallic compounds 
and the matrix. This would explain 
cavity formation at compounds 
which are little affected by heat 
treatment. 

When the compound dissolves 
during heat treatment, the explana- 
tion may be more complex. _Dif- 
fusion in substitutional alloys is now 
thought to occur through the agency 
of vacant lattice sites. Studies of 
diffusion in metallic couples at high 
temperatures have shown that the in- 
terface moves. This is attributed to 
different diffusion rates of the com- 
ponent atoms. Visible voids form on 
the side of the interface which has 
suffered a net loss of atoms. Care- 
ful tests have shown that these voids 
are not connected in any way with 
gases dissolved in the metals. The 
vacancies are thought to be gener- 
ated at grain boundaries, polygon 
boundaries and edge dislocations. 
They may coalesce to form small 
voids. If above critical size, they 
will continue to grow to visible size 
by further absorption of vacancies. 

If the metallic compound in the 
aluminum matrix is considered as 
a diffusion couple, then during so- 
lution treatment, the compound dif- 
fuses into the matrix and voids may 
form in or adjacent to the site of 
the compound. One difficulty with 
this explanation is that the diffusion 
couple studies were with cubic met- 
als whereas the readily soluble com- 
pounds in this case have tetragonal 
or orthorhombic lattice structures. 
However, this does not seem of much 
consequence. 

Blistering may occur in aluminum 
alloys, initially without defects, 
through formation of cavities during 
heat treatment. Vital factors in 
blister prevention are control of 
the furnace atmosphere and pre- 
vention of diffusion of hydrogen in- 
to the alloy. 

Though there is no direct evidence 
as to the origin of the cavities, it 
is suggested that they may form 
through the coalescence of vacant 
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“Heads-up thinking by my Olin Aluminum Representative gave me 
A Better Fin Stock Alloy... for less money” 


“Here's how | found out about a more 
efficient fin stock alloy that actually 
saved me one per cent on my mate- 
rials cost,” says Lester Ramberg, Gen- 
eral Manager of Ramco Manufacturing 
and Engineering, Portland, Oregon. 
“My other suppliers had been recom- 
mending 3003-H14. But the man from 
Olin Aluminum suggested 5005-H34 — 
which yields more parts per truckload. 
And he was right. With 26% better 
thermal conductivity, the 5005-H34 
proved a much better alloy for the 
job.” 
* * 

You too, can count on heads-up think- 
ing by the man from Olin Aluminum. 
What’s more, his keen insight into 
your problems is augmented by the 
Olin Aluminum Technical Advisory 
Service. Feel free to regard them as 
your personal storehouse of profit 
building ideas for using aluminum. 


HERE'S WHY 5005-H34 WAS BETTER 
FOR MR. RAMBERG'S FIN STOCK 
thermal 

density conductivity 
3003-H14 099 #/cu. in. 1100 8.T.U. 
5005-H34 098 #/cu. in. 1390 8.T.U. 
The 1 per cent density saving gives a 1 per cent 
material saving. The higher thermal conductivity 
of £005 gives a 26% increase over 3003. Fewer or 
rmaiier fins can do the same heat-exchanging job. 


N 


OLIN MATHIESON + METALS DIVISION + 400 PARK AVENUE*+ NEW YORK 22, N.Y... 
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FLOATING ZONE FIXTURE FOR METAL REFINING 
AND CRYSTAL GROWING 


A new floating zone fixture for the produc- 
tion of ultra-high purity metals and semi-con- 
ductor materials. Purification or crystal grow- 
ing is achieved by traversing a narrow molten 


zone along the length of the process bar 
while it is being supported vertically in va- 
cuum or inert gas. Designed primarily for pro- 
duction purposes, Model HCP also provides 
great flexibility for laboratory studies. 


Fealires 


® A smooth, positive mechanical 
drive system with continuously 
variable up, down and rota- 
tional speeds, all independ- 
ently controlled. 

@ An arrangement to rapidly 
center the process bar within 
a straight walled quartz tube 
supported between gas-tight, 
water-cooled end plates. Place- 
ment of the quartz tube is ra- 
ther simple ond adapters can 
be used to accomodate larger 
diameter tubes for larger pro- 
cess bars. 

@ Continuous water cooling for 
the outside of the quartz tube 
during operation. 

@ Assembly and dis-assembly of 
this system including removal ‘ 
of the completed process bar 


Blisters on Al... 


lattice sites at the interface of the 
intermetallic compounds and the 
matrix. They may also be associated 
with the generation of vacant lat- 
tice sites due to differential diffusion 
of atoms between the compound and 
the matrix. 


W. E. McKrssen 


Gold Alloy Plating 


Digest of “Recent Develop- 
ments in Gold Alloy Plating”, by 
Edward A. Parker, Plating, Vol. 
45, June 1958, p. 631-635. 


(BE PRESENT DECADE has witnessed 

a major rebirth of technical inter- 
est and expanding development in 
gold alloy plating, largely because 
of market demands for electronic 
components. Gold exhibits electrical 
conductivity properties closely paral- 
leling those of silver, and is largely 
free of tarnishing problems. It has 
found widespread use, therefore, in 
printed circuitry and protective 
coating applications. But more sig- 
nificantly, gold alloy plating has pro- 
vided a comparatively simple method 
for introducing doping agents into 
transistor materials. 

Transistors, which have the ability 
to rectify a flow of electrical current, 
achieve this property through the 
addition of minute quantities of alloy 
elements from either Group III or 
Group V of the periodic table. Past 
practice has been to “dope” the 
silicon or germanium by making 
small alloy additions to the melt, then 
growing single crystals from the 
alloyed product. The procedure is 
subject to major difficulties in control 
and is expensive. 

Alloy additions can now be intro- 
duced into a Group IV transistor ele- 
ment by diffusion from a gold alloy 
plated on its surface. 

In the process for producing N- 
type germanium,  gold-antimony 
alloys are plated onto the high-purity 
germanium wafer, and antimony is 
diffused into germanium by heating 
for short periods of time at about 
500° C. (930° F.). Experimentally, 
it has been found that gold alloys 
with as little as 0.001% antimony will 
produce the desired result. 

P-type transistors are prepared in 
a similar manner, using gallium, 
indium or thallium as the doping 
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| HIGH FREQUENCY 

most though the field of 

_ electronics as well as the most practical and SQ 
| “efficient source of heat yet developed for numerous — : 
and return the completed job with full data and recommendations without 2 any ; 
’ y cost or obligations. ~ 

is simple and rapid. Model HCP 
Electronic Tube Generators from 1 kw to 100 kw. 
: LEPEL HIGH FREQUENCY LABORATORIES, INC. 
; 55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y¥ { 


ONE-PIECE 
INTEGRAL CASTING 
NO WELDED JOINTS 
OR LOOSE PIECES 


x 34 INCHES 
33 LB TOTAL WEIGHT 


INTEGRAL LUGS FOR 


AECCo PROPRIETARY 
“CRISS CROSS" 
CONSTRUCTION 


than 

FROM 

Fabricationse 
Ae gives another example of its ENGINEERING service 


This brazing tray illustrates a typical contribution from AECCo to improved operations for 
our customers. in this instance a 33-lb. one-piece casting replaced a fabricated tray and 
auxiliary supports totaling 55 lbs., or approximately 60% heavier. The substantial reduction 
in gross weight made it possible to reach production levels otherwise unattainable, in addi- 
tion to gaining the advantages of a stronger and more durable integral casting. 


Advanced designs of this character—producible only by AECCo proprietary 
techniq continue to pay off in more efficient and lower cost operations 
in the plants of our customers. 


HEAT RESISTANT CASTINGS 


1700 W. WASHINGTON ST., CHAMPAIGN, ILL. @ TELEPHONE FLEETWOOD 6-2568 


ENGINEERS AND PRODUCERS OF HEAT AND CORROSION RESISTANT CASTINGS 
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time-saving 
maintenance 
tool 


—in 3 seconds 


Here’s a handy, portable tool that can save you 
hours of time in checking surface temperatures 
of steam traps, water lines, electric motors, 
bearings, etc. 

The Alnor Pyrocon gives instant, accurate 
temperature readings of any surface: metallic 
or non-metallic, flat, curved—even revolving 
surfaces. It’s a well-balanced instrument 
mounted in a sturdy case for protection against 
the usual hazards of on-the-job service. Jeweled 
movement is also heavy-duty, shock-resistant 
type that will withstand hard and continuous 
use...performing with laboratory accuracy. 

A wide selection of thermocouples and ex- 
tension arms assures its adaptation to your 
needs. Eight standard F. scale ranges are avail- 
able up to 2000° F. Send for complete details 
contained in Bulletin 4257. Illinois Testing 
Laboratories, Inc., Room 523, 420 N. LaSalle 
St., Chicago 10, III. 


PRECISION INSTRUMENTS 
FOR EVERY INDUSTRY 


Gold Alloy Plating . . . 


agent. Cyanide baths for the plating 
operations find wide general use, and 
may be operated at high yields and 
efficiencies : 

Barrel plating of decorative and 
jewelry items also is increasing, 
alloyed gold flash-coatings _ being 
used extensively in layers about 
0.00001 in. thick. 

The paper describes typical plat- 
ing baths, current efficiencies as a 
function of gold content of the elec- 
trolyte, and provides useful infor- 
mation on the practical applications 
of various gold plating alloys in 
industry. J. L. Wyarr 


Alkaline Cleaning .. . 


(Continued from p. 113) 


placed in a horizontal position. Heat 
is applied to “freeze” the pattern. 
The cleaning index (CI) is the per- 
centage of the total area that ap- 
pears clean. This is determined by 
placing a grid over the panel, esti- 
mating the CI for several squares 
at random, and then taking the 
average for the reported value. The 
atomizer test is 10 to 30 times more 
sensitive than the water-break test.* 

4. The fluorescent method re- 
quires soiling with a fluorescent oil, 
cleaning, and inspecting under ultra- 
violet light. It is very slow and less 
sensitive than 1 and 3. 

5. The weight of residual soil is 
also an evaluation of cleanliness. The 
cleaned panel is washed with ether, 
the washings are evaporated, and the 
residue is then weighed. A modified 
method is to clean, dry, and weigh 
the test panel, then soil, clean, dry, 
and reweigh it. The increase in 
weight represents the amount of resi- 
due soil present. 

6. The wiping method is a quali- 
tative test. A panel is coated with 
pigmented soil, cleaned and then 


*H. B. Linford and E. B. Saubestre 
develo this test in connection 
with AES Research Project 12. It 
differs from the spray pattern test 
of S. Spring in one important re- 
spect: e panel must be dried be- 
fore spraying in the atomizer test. 
This point might seem unimportant; 
however, the difference in results is 
enormous, favoring the drying of the 
panel before atomizing. any com- 
panies have utilized the atomizer test 
in evaluating cleaners, setting up 
standards, and controlling process 
quality. 
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Heading for the unknown? 


Check your 
processing requirements 
against Norton 
Fused Zirconia 


You can't predict tomorrow's processing requiré= 
ments. However, you can be prepared to meet many of 
them more efficiently and economically ... with 
Norton Lime-Stabilized Fused Zirconia. 


Consider its Unusual Characteristics 

Extremely high melting point (4,620°F) coupled 
with a lower thermal conductivity than standard dense 
refractories « Excellent resistance to thermal shock and 
abrasion « Not wet by most metals + Moderate electrical 
insulator at low temperatures and conductor above 
2,200°F + Good stability in either oxidizing or reducing 
atmospheres. 


Consider Its Many Applications 

As potential material for use in missiles and reaction 
motors« As a support for firing highly-reactive titan- 
ates« As lining for furnaces containing high tempera- 
ture gaseous reactions « For furnace parts and linings 
used in the metals industry « As lining and packing 
media for high temperature air heaters and heat ex- 
changers « For many other critical processes. 

Chances are you can improve both your processing 
and your production economy with this rugged, versatile 
material. Let a Norton Sales Engineer help. He’s well 
qualified to discuss your precise requirements. Write to 
NoRTON CoMPANY, Refractories Division, 331 New 
Bond Street, Worcester 6, Mass. 


Note: Norton Lime-Free Fused Zirconia is also available 
for the manufacture of refractories, as a source ma- 
terial for zirconium for chemicals and metals, or as an 
opacifier for glazes and enamels. 


Melting Point 

Maximum Usable Temperature 

Electrical Resistivity. . High Temperature Conductor 

True Specific Gravity ...-56 — 5.7 

Two Grain Types .. Hard Dense Grains 
Bubble-Type Grains 


NORTON 


REFRACTORIES 
Engineered... R .. Prescribed 


Making better products...to make your products better 
MORTON PRODUCTS Abrasives + Grinding Wheels + Grinding Machines + Retractories + Electrochemicals — BEWR-MANNING DIVISION Coated Abrasives + Sharpening Stones + Pressare Sensitive Tapes 
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When corrosion is a threat 
to the life of Stainless Welds 


~ 


i >. 4 Job report courtesy of 


Superior Welding Co., Decatur, Ill. 


STAINLESS ELECTRODES 


This is a nitric acid absorption column for the chemical industry. 
The shell and flanges of solid 304 ELC stainless were welded with 
Arcos CHROMEND 19-9 Cb Electrodes to resist chemical attack 
at 150 p.s.i.g. and 300°F. Arcos CHROMEND K-LC Electrodes 
were used for welding the bubble caps and coil clips. Together, 
these two Arcos Electrodes proved the point: there’s no substitute 
for quality weld metal when long uninterrupted service is 
essential ARCOS CORPORATION, 1500 South SOth Street, 
Philadelphia 43, Pa. 
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Alkaline Cleaning .. . 


wiped with a white cloth or paper. 
The presence of soil on the cloth or 
paper indicates poor cleaning. 

7. In the residual pattern method, 
cleaned panels are dried at 120° F. 
for 20 min. After drying, the pres- 
ence of a stained area indicates re- 
sidual soil and incomplete cleaning. 

8. The radio-isotope tracer tech- 
nique requires that radioactive 
atoms be mixed with the soil. Panels 
are coated uniformly with the soil 
and their radioactivity is determined. 
The panels are then subjected to 
various cleaning cycles and the 
radioactivity is again determined. 
Cleaning ability of the various cycles 
can be evaluated by the amount of 
radioactivity remaining on the pan- 
els. This is the most sensitive test; 
however, dealing with radioactive 
materials requires an A.E.C. license, 
trained personnel, and special types 
of equipment. 


Vanadium Technology ... 
(Continued from p. 118) 


These are not significant but only 
emphasize our lack of full under- 
standing of the metal. 

A chapter discusses the methods 
whereby vanadium can be melted, 
cast, forged, extruded, rolled and 
drawn. It is now known that vana- 
dium can be processed in the same 
way that titanium and zirconium are 
handled, a possibility that was sug- 
gested in this chapter. The success 
of the extrusion technique, using 
compressed chips or flakes to avoid 
the melting step, is noted. 

The author’s discussion of the oxi- 
dation of vanadium emphasizes a 
basic problem — that continuous ex- 
posure to free oxygen, as in air, in- 
volves a linear oxidation rate so that 
above 1250° F. vanadium is incapa- 
ble of self-protection. This problem 
has not been solved. However, a de- 
tailed account is given of the at- 
tempts made to reach a solution. 

One of the important applications 
of vanadium involves alloy additions 
in low-alloy and high-strength steels 
and in titanium alloys. Here the 
author writes about the value of va- 
nadium in general terms. Research 
workers would probably prefer a 
fuller presentation but an excellent 
set of references is included. 
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An obvious omission in this valu- 
able book is a chapter on application 
ideas. Although the author did say 
that vanadium has not been used for 
any industrial purpose, possibly it 
would have been advantageous to 
mention the scale and scope of the 
experimental applications in which 
vanadium has or is now being tested; 
that would have at least given the 
worker some basis on which to judge 
possible applications. 


Diffusion in Metals 


Digest of “Diffusion in Met- 
als”, by P. Shewmon, /ndus- 
trial and Engineering Chemis- 
try, Vol. 50, March 1958, p. 
492-495. 


HIS REVIEW of recent work in 

diffusion (with an extensive 
bibliography) emphasizes new de- 
developments in theory. 

The theory of chemical diffusion 
often assumes equilibrium concen- 
tration of vacancies. This is not 
justified in systems with large con- 
centration gradients where the local 
sources and sinks fall far short of 
maintaining equilibrium value of 
vacancies. The development of 
porosity in diffusion couples is an- 
other indication of deviation from 
equilibrium concentration. 

A theory of self-diffusion in alloys 
of various solutes in monovalent 
solvents has been developed around 
the “electrostatic” interaction be- 
tween a vacancy and a _ solute, 
assuming solute and solvent are the 
same size. Theory predicts a mono- 
tonic decrease in activation energy 
and diffusion coefficient with in- 
creasing solute valence. There is 
some experimental evidence to sup- 
port this theory. 

The theory of self-diffusion in 
pure metals has been substantially 
unchanged for several years. Addi- 
tional data have been obtained but 
they add little to a basic understand- 
ing of the phenomenon. A study of 
annealing of the radiation damage 
produced in germanium by 3-Mev. 
electrons led to the conclusion that 
the first 65% of annealing occurs by 
recombination of interstitials with 
the vacancies from which they were 
initially dislodged. 

It is generally agreed that diffu- 
sion in pure metals (cubic or hex- 
agonal lattices) occurs by a vacancy 
mechanism. This is not necessarily 
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This WELDED nuclear pressure vessel 
holds a practical idea for you 


Job Report Courtesy of 
Combustion Engineering, Inc., builder of vesse! shown 


uss ARCOSITE 


for submerged arc welding 


In nuclear installations where radio activity makes weld failure 
dangerous to personnel and can cause indefinite shutdown, sound 
corrosion resistant welds are of utmost importance. To inhibit 
corrosion, portions of the 9 ft. dia. interior of this 33 ft. reactor were 
overlaid with 14 in. of 308L weld metal. Submerged arc welding 
with ARCOSITE $4 flux was used for the job. The girth and longi- 
tudinal joints of the low alloy steel plates were also submerged arc 
welded using ARCOSITE BS flux. Cost-wise, no other conventional 
method of cladding was practical. Arcos weld metal quality guar- 
antees corrosion resistance . . . freedom from maintenance. 
ARCOS CORPORATION, 1500 S. 50th Street, Philadelphia 43, Pa. 
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dollar 
for 


dollar 


Stokes microvac pumps give 
more vacuum pumping capacity 


Compact design—to save valuable floor space 
Dynamically balanced—for true vibration-free 


operation 

Noiseless—for service anywhere, lab or plant 
Complete, integral construction—no extras to buy 
Models up to 500 c.f.m. displacement 

Immediate delivery 


Stokes Series H Microvac Pumps deliver top vacuum 
pumping value per dollar. They are designed by vacuum 
specialists . . . incorporate features based on actual oper- 
ating requirements, to meet your needs. And Stokes 
vacuum pumps are built with care by skilled personnel 
to assure long, dependable operation. 


Stokes complete engineering advisory service is available 
to help you select and apply the Microvac pump that 
makes your vacuum system more productive. Write for 
complete technical data or application assistance. 


Vacuum Equipment Division 
F. J. Strokes CORPORATION 
5500 Tabor Road 
Philadelphia 20, Pa. 


Diffusion . . . 


true in intermetallic compounds; for 
example, silver diffuses by an inter- 
stitial mechanism in silver bromide. 
Diffusion of copper in germanium is 
a complex process since copper can 
dissolve both interstitially and sub- 
stitutionally. The apparent diffusion 
coefficient thus would depend 
markedly on local perfection of the 
crystal. Similar effects could appear 
with slightly soluble elements in 
metals. 

Grain-boundary diffusion has a 
marked dependence on orientation 
and structure of the grain boundary. 
Most data on surface diffusion have 
been determined by a_ technique 
which is applicable only at low tem- 
perature. A method, based on the 
formation of grooves at the inter- 
section of a grain boundary and a 
metal surface, has been proposed 
which should make it possible to 
obtain data on surface diffusion co- 
efficients at temperatures near the 
melting point. C. O. SmitH 


Forming PH Steels 


Digest of “Fabrication of 17-7 
PH and PH 15-7 Mo Stainless 
Steel by Bend Rolling, Deep 
Drawing, and Spinning”, by C. 
T. Olofson, Defense Metals In- 
formation Center Memorandum 
18, Battelle Memorial Institute, 
Columbus, Ohio. 


I’ THE ANNEALED CONDITION, the 

17-7 PH and PH 15-7 Mo steels 
have poorer elongation in tension 
(30 to 35%) than do Type 301 and 
302 stainless steel (50 to 55%). 
This, plus the more rapid work hard- 
ening of the precipitation hardening 
grades, make them more difficult to 
form by bend rolling, deep drawing, 
and spinning. Therefore, forming 
procedures recommended for Type 
301 stainless steel should be used 
with the following modifications for 
17-7 PH or PH 15-7 Mo. 

Bend rolling requires 50 to 60% 
greater power than for carbon steel. 
Roll wear similar to quarter-hard 
Type 301 means case hardened rolls 
are required. Sharper bend con- 
tours must be formed using tighter 
roll settings to compensate for in- 
creased spring back. 

Deep drawing will require sev- 
eral mild draws with intermediate 
anneals at 1900° F. If cold work 
has completely transformed the part, 


METAL PROGRESS 


| 
| 
| 
i 
© 
174 


4 


Bridgeport Copper Tube 
Used for 
Refrigeration System 


Called “Old High and Mighty” by 
its designer and builder, Tenney 
Engineering, Inc. of Union, N. J., 
this $500,000 chamber will simulate 
supersonic flight conditions for 
McDonnell Aircraft Corp., St. Louis. 

The complete unit weighs 125 
tons and has a temperature range 
from -100° to 1200°F with an alti- 
tude range from sea level to 125,000 
to 150,000 ft. 


DECEMBER 1959 


readily available. To meet these 
requirements, the designers chose 
Bridgeport Type M, %” to 15%” 


Providing the great degree of cold 
for the chamber is the Tenney-pat- 
ented Cascade Condenser System, a 
custom-fabricated refrigeration and 
vacuum system. It is exceptional in 
that it uses two coolants — Freon 13 
and Freon 22—the latter coolant 
condenses the Freon 13 below the 
freezing point. 


Naturally, the system must be 
both absolutely leakproof and cor- 
rosion resistant and the materials 
used must be easily workable and 


copper tube for the refrigeration 
system’s vacuum pump interconnec- 
tions, and Bridgeport Type L copper 
tube for the refrigeration lines. 


Your needs may not be as excep- 
tional as those cited here, but you 
can’t do better than buy Bridgeport. 
Your nearby Bridgeport Sales Office 
has information on all of Bridge- 
port’s metals from Aluminum to 
Zirconium. Call today, or write 
Dept. 4106 for complete list of prod- 
ucts. Bridgeport Brass Company, 
Bridgeport 2, Connecticut. 
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ACTUATES ANOTHER PRECISION PRODUCT 


The GC ADJUSTABLE 
FURNACE FAN | 
CONTROL 


Thermo-O-Disc, Inc. Mansfield, Ohio 


The Type AF-3 Adjustable Furnace Fan Control is a new product of 
Therm-O-Disc, Incorporated, for use with (or without) their similar 
adjustable or non-adjustable Furnace Limit Controls. This equipment 
stresses dependability, thermal sensitivity, and trouble-free life, plus 
adjustability within a range of 90°. The pointer indicates the turn-on 
temperature of the blower. Its snap-acting switch mechanism and heavy- 
duty contacts provide high electrical ratings up to 300°F., with full load 
amperages of 8.0 and 4.0 at 115 v. and 230 v. respectively. The con- 
trol is listed by UL and C.S.A. An outstanding feature is the Chace 
precision bimetal sensing element which is mounted well into the air 
stream and provides quick response to temperature change. 


In our more than a third of a century as producers of precision thermo- 
static bimetal, we've known and supplied hundreds of manufacturers 
of temperature actuated devices. Many have come from modest be- 
ginnings to become important factors in their industries and important 
customers of W. M. Chace Company. We are grateful, not only for 
their continuous patronage, but also for the millions of opportunities 
their combined sales have given us. For each product in the hands of 
a@ consumer is another chance for us to prove to our customer that his 
choice of Chace Thermostatic Bimetal was a good one. Whether he 
buys coils, strips or completely fabricated elements or assemblies of 
his design, he knows he can launch his new product with complete 
assurance, if the actuating element is Chace Thermostatic Bimetal. 


While your new temperature actuated device is in the preliminary de- 
sign stage, send for our booklet, ‘Successful Applications of Chace 
Thermostatic Bimetal.” It’s full of design engineering data with illus- 
trated examples of uses of bimetal. R ber, too, that our 29 types 


of precision bimetal are available in strips, coils or completely fabri- 
cated elements of your design. 


M. CHACE co. 


1626 BEARD AVE., DETROIT 9, MICH. 


PH Steels... 


aging at 950 to 1050” F. will suffice 
for hardening. Otherwise, anneal 
at 1750° F., refrigerate to — 100° F. 
and temper at 950 to 1050° F. Dies 
and punches which have been _ 
include 3% C, 1% Cr, 1% Mo, 12% 

at Rockwell C-64.0 to 66.0, cal 
high-carbon high-chromium die steel 
at Rockwell C-60.0 to 62.0. Ce- 
mented carbide dies have been used 
for long runs and cast iron for short 
runs. Blank edges must be deburred 
and free from cracks. Blanks should 
be annealed in air at 1900° F. and 
air cooled. Cracked ammonia or 
endothermic atmosphere may cause 
poor heat treating response due to 
carbon or nickel pickup. Drawing 
speeds of 10 to 20 ft. per min. are 
recommended. Heavy bodied lubri- 
cants such as chlorinated or sulphur- 
ized fatty or mineral oils are required 
for heavy pressure work. Lighter 
oils or soap solutions can be used for 
light pressures; they are applied by 
swabbing, dipping, or spraying. 

Spinning requirements include 
capacity to maintain speed under the 
heavier tool pressures, freedom from 
vibration, a true running spindle, 
and adequate clamping pressure. 
Mandrels should be of steel or steel 
reinforced wood. Roller-type spin- 
ning tools of hardened and polished 
steel are preferred. If round nose 
tools are used, they should be of 
hardened and polished or chromium- 
plated steel. A.I.S.I. D 2 and A.LS.1. 
O7 steels having been used for long 
and short runs, respectively. Bronze 
can be used for light work. Blanks 
must be flat, truly circular, free of 
burrs, nicks, and scratches, of uni- 
form thickness, and clean. Spinning 
speeds one third to one half of those 
for carbon steel are recommended. 
Lubricants such as laundry soap, 
lard oil, paraffin or soap-grease mix- 
tures must be used. 

In all of the above operations, 
blanks and tools must be free of for- 
eign materials, otherwise corrosion 
resistance of the part is reduced. 
Lubricants must be completely re- 
moved prior to annealing. After 
annealing, pickling is preferably pre- 
ceded by salt bath treatment. Pick- 
ling baths of 10% nitric, 3% hydro- 
fluoric acid or sulphuric acid solu- 
tions are used. Citric-phosphoric 
acid is a suitable brightener. 

W. E. Litrman 
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Describes Nati Ultr, ic Corporation's: 


@ Applications Laboratory service. Your 
sample parts are cleaned ultrasonically and 
equipment and cost recommendations are 
made at no charge. 

STANDARDLINE medium power ci 
for all applications requiring average 
energy ‘eveis. 
HEAVYDUTYLINE high power cleaners for 
industrial applications requiring high 
energy density. 


NUclean” solvents and detergents especially 


formulated for ultrasonic cleaning. 


ESsex 1-0550 « TWX NK 1030 
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WE BUY — SELL — LIST 
LOCATE QUALITY USED INDUSTRIAL 
FURNACES 
26 YEARS DESIGNING—ERECTING— 
INSTALLING FURNACES 
WANTED—SURPLUS FURNACES. 
WE PAY CASH. 

WRITE FOR OUR LIST TODAY 


PAPESCH & KOLSTAD, INC. 


10706 CAPITAL AVENUE 
OAK PARK 37, MICHIGAN 
P.O. Box 3726 Phone, Lincoln 7-6400 
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UNIFORM HEAT 


throughout the work space 


30 STANDARD 
CABINET 
MODELS 


Model HB Electric or 
Gas Cabinet Oven - f 


@ Work space from 4.6 to 72.3 cu. ft. 
@ Temp. ranges from 100 to 1250° F. 
@ Electronic combustion devices for gas models 
@ Indicating control instrument 
@ Factory tested 
Other ovens from $121.50 up; laboratory, bench, 
walk-in and custom built models. 


Write for details 
Specialists in Heat Process Equipment 


Eddy-Current Instruments 
for Unscrambling Metal Mixups 


This instrument permits truly high speed, non- 
destructive sorting of raw, semi-finished or 
finished parts by their metallurgical characteristics. 
With the new Automatic Sorter Unit, speeds up to 
300 pieces per minute are possible with the use 
of suitable feeding equipment. Used by leading 
industrial firms everywhere. 


J.W. DICE CO. 


© ‘‘Non-destructive Testing and Measuring Instruments” 


In Canada: Tatnall Measuring and Nuclear Systems, 
Lid., Toronto 
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Machines the 
hardest materials 
Such as: 

Hardened Tool Steel 
Cemented Carbides 
Cermets and Ceramics 
Ferrite 

Germanium 
Aluminum Oxide 
Jewel Stones 


End Products are 


Dies 

Transistor Components 
Tire Molds 

Electronic Elements 
Machine Parts 

Jewel Bearings 

And Many Others 


Get full information on the spectacular economy 
and precision of the Cavitron—Write to The Sheffield 
Corporation, Dayton 1, Ohio, USA. Dept. 39. 
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Aluminum Soldering Flux 
Now... Solder Aluminum 


with ordinary soft solders 


A major break- 

through in alu- 

minum fabrication. 

Use ordinary soft 

solders . . . ordinary irons or torches. 
Remarkable fluxing action achieves perfect 
bond of aluminum and solder making pos- 
sible the fabrication of aluminum to alu- 
minum, copper, steel, stainless steel, gai- 
vanized iron, brass, etc. 


Write for sample, or 

engineering help on 

any fluxing problem. 

LAKE Chemical Co. 
3079 W. Carroll Ave., 

Chicago 12, iil. 


LA-CO 
Silver Solder Flux 


Greater speed and economy 
for all silver soldering! 


For all silver sol- 

dering in 1125° to 

1700° F. heat range. 

Dissolves all refrac- 

tory and non-refrac- 

tory oxides ... 

solder penetrates 

completely into all areas, for maximum 
strength without solder waste. Completely 
acid-free—will not pit or stain metals. Al- 
ways-ready paste form . . . will not harden 
or crystallize. 


Write for sample, or 
LAKE Chemical Co. 


3079 W. Carroll Ave., 


LA-CO 
Stainless Steel & Chrome 
Soldering Flux 


Sofer ...Surer... Cleaner 
@ Doesn't stain 


Non-acid 
Self-cleaning 


For soldering all 
stainiess steel and 
chrome, includin 
300-400 Series, wi 

ordinary soft sol- 
ders. no 
pre-cleaning. Acid- 
free formulation will not pit metals, leaves 
no stains. No buckling on even light gauge 
work. In liquid or paste form, 


sven 


any fluxing problem. 
LAKE Chemical Co. 


3079 W. Carroll Ave., 
Chicago 12, il. 
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hag THE CYCLOGRAPH, (Model C) 
\ 
NATIONAL ULTRASONIC CORP. | 
| 
1339 N. Elston Ave. Chicago 22, 
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TESTER 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
® NO CONVERSIONS OR CALCULATIONS 

© TEST ANY SIZE, SHAPE OR TYPE METAL 

© NO SKILL REQUIRED 

©@ SCALE READINGS IN ROCKWELL & BRINELL 

@ ACCURACY 

Many thousands by industry and government, 
Write, wire or ih for additional details and prices. 


NEWAGE INDUSTRIES, INC. 


222 York Road Jenkintown 5 Pennsylvania 
TUrner 4.8494 Dept. M? 
LIST NO 163 ON INFO-COUPON PAGE 186 


GOOD USED EQUIPMENT 
REAL SAVINGS TO’ YOU! 


SACRIFICE BEFORE MOVING! 


Lindberg Cyclone Box-Type Tempering Furnace 


Model 243618 EH, electric heated for 1250° F. 
Recirculating type, with inside working dimensions 
24 in. wide by % in. deep by 18 in. high. Electrical 
characteristics, 220/440/60/3/27 kw. or convertible 
to gas. Complete with control panel, strip chart 
recording and controlling instrument, magnetic 
contactors, disconnect switch, thermocouple, etc. 


Also in stock for immediate delivery. New blowers, 
alloy trays and baskets, burners, solenoid valves, 
thermocouples, etc. 


Our stock is constantly changing! Before you buy 
any furnace or accessory, call us collect and let 
us show you how to save money! (Money-Back 
Guarantee.) We pledge that any unit we advertise 
is in stock at one of our warehouses at the original 
time of publication. However, they are subject to 
prior sale, so act now! 
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Wiretex 
engineers 
Baskets, Muffles, 
Screens, Fixtures, 
Grids, Racks, etc., 
to insure easier, safer, 
loading and unload- 
ing; greater space 
saving, better draining 


all styles, metals, weaves 
size, quantity! 


for all your heat 
treating require- 
ments to resist 
acid, heat, abra- 
sion or exposure. 


co. 


and cleaning. 
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5 Mason St., 
Specialists in Processing Carriers Since 1932. 


Bridgeport 5, Conn. 


MARTINDALE 


M ETAL SAWS 


for fast, 
precision sawing, 
slotting, mica 
undercutting 


HIGH SPEED STEEL 
OR TUNGSTEN 
CARBIDE 


Milled, hardened and 
ground by skilled, expe- 
rienced craftsmen to ex- 
acting specifications, 
Available in 4” to 4” O.D., complete range 
of thicknesses and tooth designs, “U” slot 
or “V” cutters. Get finest saw blade per- 
formance—lowest operating cost. 


Send for NEW CATALOG and prices 
on these and other maintenance, 
safety and production products. 


MARTINDALE ELECTRIC CO. 


1372 Hird Avenue 


Cleveland 7, Ohio 
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POWDERED METAL 
BOOKLET ... 


Gives cost-cutting hints, including: 

® Illustrated description of Remet pow- 
dered metal process 

®@ Design DO’s and DON’T’s 
dered metal parts 

®@ Advantages and limitations of Remet 


for pow- 


process 
For your copy write to... 


R E E METAL PRODUCTS 


CORPORATION 

537 Howard Ave. « Lancaster 12, Penna. 
Bearings * Bushings * Machine and Structural 
Parts in COPPER © BRASS « IRON © ALLOY STEEL 
* NICKEL SILVER © COPPER INFILTRATED IRON 
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Gears ¢ Pinions Cams © Ratchets « 


Whitelight 
MAGNESIUM 


your RODS dia. to6),” dia. 
BARS, STRIPS 02" min.to 75,” max 
soLib SHAPES .022” min. to 


circle 
TUBING 0.D. to 6” 


0.0. 
HOLLOW SHAPES,” tog...” circle 
alloy. PLATE & SHEET 082" to 3” thick 


HITE METAL 
ROLLING « STAMPING corp. 


82 Moultrie Street, Brooklyn 22, N.Y. 
Factories: Brooklyn, N.Y. @ Warsaw, Ind. 
Les Angeles Warehouse: 6601 Telegraph Rd. 

LIST NO. 238 ON INFO-COUPON PAGE 186 


DO YOU HAVE AN IDEA... 


THAT SOME FUNCTIONAL 
METAL PART COULD BE 

MADE BETTER OR CHEAPER 
BY ALUMINUM EXTRUDING? 


Bring your idea to specialists in 
adapting aluminum extrusions 
to new functional parts applica- 
tions. G.E.1.’s engineers are 
ready to consult with you, with- 
out obligation, on one port or 
a million. 


a 
GENERAL EXTRUSIONS, INC. 
4040 LAKE PARK RD., YOUNGSTOWN, OHIO 


min at st 


Louis, Detroit, Pittsburgh, 
suit your classified 


phone under Aiuminum Products 
LIST NO. 141 ON INFO-COUPON PAGE 186 
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How to Cut 
Pot Costs: 


Buy low-cost Eclipse pressed (not 
welded) steel pots . . . and replace 
them on a regular schedule. 
1 Lower initial cost 
2 Elimination of failures 
3 Faster, more even heating 
4 Quantity discounts earned on 
your total purchases in any 
12 month period. 

Guaranteed free from defects. Write: 
Eclipse Fuel Engineering Company 
Industrial Combustion Division 
1127 Buchanan St., Rockford, Ill. 


SUB-ZERO 


low temperature equipment 


@ shrink fits 


@ seasoning 
gauges Sturdy, all-steel cabinet con- 


© precision struction. Sublids for constant 
inside temperature. Adjust- 
able temperature controls. 
Special accessories available. 


1.5 and 6.5 cu. ft. capacities. 


For more information— 
Write to: 2@VCO inc. 


Deerfield, Michigan 
Specialists in Trend-Setting Retrigeration 
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HIGH VACUUM 


laboratory or production .. . 


THIS 
HIGH VACUUM : 
PORTABLE 

PUMPING 

STATION 


. is unequalled in quality 
and performance — and 
unmatched in price! 


HIGH VACUUM EQUIPMENT CORPORATION i 
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Regulate and control 
electric ovens 
and furnaces 

better, accurately, 

and efficiently with 


SORGEL 


Saturable Reactors 


Any amount of A.C. power from 1 Kva 
to 3000 Kva, single phase or 3-phase, at 
any voltage, can be controlled, regulated, 
and varied in stepless increments, with 
SORGEL Saturable Reactors. 

The control can be a small manually oper- 
ated hand wheel that can be placed in any 
desired location, or it can be automatically 
controlled, regulated and varied by a 
thermostat or any other instrument or 
device. 

SORGEL reactors are designed to meet 
your exact requirements. Let us know 
what your problems and requirements are, 
and we will submit our recommendations 
with complete information. 


Write for Bulletin 658. 


Also a complete line of 
dry-type transformers. 
All standard and intermediate ratings, 


% Kva to 10,000 Kva, 
120 to 15,000 volts. 


Sales Engineers in principal cities 
Consult the classified section of your tele- 
phone directory, under the heading “Trans- 
formers,” or communicete with our factory. 


Sorgel Electric Company 


834 W. National Ave., Milwaukee 4, Wis. 
Over 40 years of electrical manufacturing 
development 
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DUCTILE IRON PLATE 


A MARRIAGE OF THE PHYSICAL AND 
MECHANICAL PROPERTIES OF STEEL & IRON 


EASY TO MACHINE WiLL FLAME CUT 
SUPERIOR WEAR CHARACTERISTICS 
EXCELLENT HARDENABILITY 
DIMENSIONAL STABILITY 


YIELD POINT 
50,000 TO —-90,000 PSI 
MODULUS OF ELASTICITY 
24,000,000 PSI 


DIES — SURFACE PLATES — BOLSTERS 
FLOOR PLATES — PLATENS — WORK TABLES 
FRAMES — BASES, ETC. 

1000 LBS. To 20 TONS 


LINDGREN FOUNDRY CO. 
BATAVIA, ILLINOIS 


PHONE 1800 
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DOW 


‘BATCH 
FURNACES 


CONTROLLED 
ATMOSPHERE 
EQUIPMENT 
FOR EVERY 


APPLICATION 
STANDARD 
HEARTH SIZES 
20” Wide—30” Long 
24” Wide—36” Long 
30” Wide—48” Long 
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for 
Tensile and Creep 
Testing Machines 


© Assure stable, 
uniform heat in 
multiple zones. 


© Temperature 


tw urnace featur 
three zones of temperature 2200 er 2600 F. 
control to 2200° F. 


Hevi-Duty Vertical tube furnaces 
feature multiple zone heating. Pre- 
cise temperature control is assured 
by use of stepless variable trans- 
former that regulates each heating 
zone, Units are available in split 
tube and solid tube designs, com- 
plete with all instrumentation. 


HEVI-DUTY Tube Furnaces 


Write ay new 

on 
vertical tube furnaces. 
OF —| PRODUCTS CORPORATION 
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THERMOCOUPLES 


PROTECTION TUBES 

THERMOCOUPLE WIRES 
LEAD WIRE 

INSULATORS 


PROMPT 
SHIPMENT 
from STOCK 


REQUEST 
CATALOG 
and QUOTATION 


ARKLAY 5S. RICHARDS CO., INC. 
manufacturers since 1938 
74 Winchester Street 
NEWTON HIGHLANDS 61, MASS. 
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SAVE SPACE WITH A 


The Series 8055 is two electric heat treating 
furnaces (hardening 2000 and 2300° F., and 
drawing 800 and 1250° F.) in the floor space 
of one furnace. Each furnace is independent- 
ly controlled permitting hardening and draw- 
ing operations to be performed at the 
same time. All models are delivered with 
separate controls for each furnace. The 8055 
series is made in nine standard sizes . . . 
other models are made to your specifica- 
tions. Furnaces operate on standard line 
voltage . . . no transformer necessary. A 
hardening and preheating combination is 
also available. 

vite for a free ca of the entire Lucifer 
ine. 


ing advice is offered without obli- 
gation. Write, wire or call . . . 


LUCIFER 
FURNACES, INC. 


NESHAMINY 7, PENNA. 
Phone: Diamond 3-0411 
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FREE 


the QUENZINE STORY 


Lew priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 
Quenching Oils with 
QUENZINE added. 
Por information on 
this new additive and 
other Beacon Brand 
Heat Treating Com- 
pounds write to... 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


140th St., Cleveland 11, Ohie 
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Yle-QUARTI 


IMMERSION 
HEATER 

per 
tet Your Every 
Heating Requirement 
INSTANT HEATING 
SHOCK-PROOF 


@ AVAILABLE IN ALL VOLTAGES 
—WATTAGES, 
ONE AND THREE PHASE 


Available from your 
Electroplating Distributor. 


WRITE FOR BULLETIN > 


Gle-ouartz =4 


ELECTRIC HEATER CO., INC., Willoughby, Ohio 
*Reg. U.S. Pot Off Phone: Willoughby 2-5521 


Send for literature. 
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As with stacking baskets, carburizing boxes and retorts of Cor-Wal 
construction, developed by Stanwood, furnace muffles of Cor-Wal 
construction are giving outstanding performance—a longer service 
life—in actual use. Cor-Wal construction provides greater, long 
range resistance to thermal stresses and affords better load carrying 
factor. Several muffle designs are shown—others also available. 


TANWOOD CORPORAT!©! 


W, CORTLANIO STREST © CHICAS bs 


373 
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= 
= a 
4 
| 
4 
| ee Po LIST NO. 145 ON INFO-COUPON PAGE 186 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 


maximum 
STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 
Only finish oper- 
ations required 
ore reaming small 
dia. of counter- 
bored hole and 
drilling and tap- 
ping for set screw. 


LIST NO. 4 ON INFO-COUPON PAGE 186 


WRITE, WIRE or PHONE 
FOR YOUR CATALOG 


647 Union Bivd., Paterson 2, N. J. 


CORROSION | 


RESISTANT Direct N.Y.'phone Wisconsin 7-6310 


Direct Phila. ‘phone WAlnut §-3660 
LIST NO. 99 ON INFO-COUPON PAGE 186 


MULTI MOTION DIES’ .... 
FOR TEST SPECIMENS... 


Tensile Bors 
Transverse Bars 
Green Strength 
Bushings 

Slugs 

Stepped Ports 


Complete design 
facilities for dies 
or subpress units 
to press unusual 


ogo shapes in lab 


TENSILE TEST BAR presses. 
MPA STANDARD 
10-51 


"PATENTS PENDING 


HALLER, INCORPORATED 


16580 Northville Rd., Northville, Mich. 


LIST NO. 149 ON INFO-COUPON PAGE /86 


PRINT-T0-PRODUCT SERVICE 


How many 
of these steps 
does your 
product need ? 


If you can use skills and 

close tolerances like 

these, write for informa- 

tion to Forge & Fittings 

Division, H. K. Porter Company, Inc., 
Cleveland 4, Ohio 


FROM A SINGLE SOURCE: 


FORGINGS . . . Hammer, Press, Upset 


MACHINING . . . Milling, Turning, Drill- 
ing, Grinding 


ing, Plating 
LIST NO. 232 ON INFO-COUPON PAGE 186 


FINISHING . . . peat tre ting, Assembling, Paint- 
n 


METAL PROGRESS 


FORGE & FITTINGS DIVISION 
| HK. PORTER COMPANY. INC. 


PORTER SERVES INDUSTRY with |? DIVISIONS including 
Thermoid. Delta Star Electnc, National Electric Riverside Alloy Metal 
Refractories, Connors Steel, Vulcan-Kidd Steel, Forge and Fittings 
Disston, Leschen Wire Rope, Mouldings and H. K. Porter Company 
(Canada) Ltd. 


QUALITY—CONTROLLED 


¢ 


PRECISION in 
POWDERED METAL 
PARTS by NORWALK 


QUALITY CONTROL jo 


LIST NO. 224 ON INFO-COUPON PAGE /86 
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G a 
Toll 
d 
| —s—_ 
4 
| MORGANVILLE, N. J. 
| 
job... with important economies, 
BY 
| = 


with 


MAGNETIC ANALYSIS... 


MULTI-METHOD EQUIPMENT 


Electronic equipment for non-destructive 
production inspection of steel bars, wire 
rod, and tubing. Detects mechanical faults 
and variations in composition and physical 
properties. Average inspection speed — 120 
ft. per minute. 


MULTI-FREQUENCY EQUIPMENT 


An eddy current tester with six inspection 
methods operating simultaneously — for high- 
speed, non-destructive testing of non-ferrous 
and non-magnetic tubing, bars and wire from 
Ye" to 3” diameter. Detects both surface 
and sub-surface flaws, and variations in 
chemical, physical and metaliurgical prop- 
erties at speeds of 200 to 600 ft./min. 


Electronic equipment for inspecting ferro- 
magnetic wire ropes from 1/32” to 3” 
diameter. Detects broken, cross-over or 
missing wires, plus defective welds and 
deformations at production speeds up to 
several hundred feet per minute. 


COMPARATORS AND METAL TESTERS 


Electronic instruments for production sorting 
of both ferrous and non-ferrous materials 
and parts for variation in composition, 
structure and thickness of sheet and 
plating. 


DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi- 
Method Equipment, inspection and demag- 
netizing can be done in a single operation. 
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MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials 


NO. 51 ON INFO.CGUPON PAGE 186 


The Best 


HEAT RESISTING ALLOYS 
Ready When You Need Them 


Please Send for Stock List and Literature 


and Coucsion Resistant AMloy Specialisia 


5309 Concord Avenue © Detroit 11, Michigan 
Phone WAlnut 1-4462 


LIST NO, 234 ON INFO-COUPON PAGE 186 


330 William Street e South River, New Jersey 
Phone Clifford 4-4616 


more 
reproducible 
results with 

ultra-pure 
graphite 
shapes 


for: 
METALLURGY 

JCTOR 
LABORATORY REACTIONS AND ANALYSES 


The properties of United's new ultra pure 
graphites make them exceptional for 
crucibles, boats, funnels and similar parts. 
United offers you both stock and custom 
graphite shapes carefully machined, then 
purified by the famous “F” Process (devel- 
oped by United, used by AEC). Your own 
processes are therefore more reliable, your 
results more reproducible. 

Our R & D and technical service staffs are 
ready to serve you and can meet your 
“crash” delivery schedules. Write Dept. F 
for full details! 


CARBON PRODUCTS CO. 
P.O. BOX 269, BAY CITY, MICHIGAN 


LIST NO. 1797 ON INFO-COUPON PAGE 186 


Reduce your assembly problems and costs. 
Our shap ti ly formed, with high 
deg of y. from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 


ANG PLANT 


3761 OAKWOOD AVE. * YOUNGSTOWN, OHIO 
LIST NO. 101 ON INFO-COUPON PAGE 186 


GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


THE HOOVER COMPANY 
WS Die Castings Division 


North Canton, Ohio 
in Canada—Hamilton, Ontario 
LIST NO: 74 ON INFO-COUPON PAGE 186 
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Demagnetizing 
Problems 
SS 
WIRE ROPE EQUIPMENT | Ne 
| 
| | 
| 
J | UNITED 
MAGNETIC ANALYSIS COR 
| 


— NEW pocket-size 
Cicatdinest Teer DO YOU KNOW 


HOW For flat or 


of 


of or 


and techo ques, determine CLEAN? 
Gleanability of varions : 


BRANSON ULTRASONIC CORPORATION 
6 Brown House Ré., Stamford, Conn. 


LIST NO. 241 ON INFO-COUPON PAGE 186 


CLEANING 


ATTENUATION ELCOMETER thick f 


be iu foils, glass, paper, plastics, and other 
Get the answers RIGHT nonmagnetic coatings quickly and 


U Measurement of ultrasonic attenuation and velocity , 
from RAMCO’S opp accurately. Gauges flat or curved 


display system. Fields of application include determina- surfaces and hard-to-get-at spots 
new BULLETIN! tion of dynamic elastic moduli, investigation of P 
me mechanical deformation effects, evaluation of radiation easily. Needle locking device assures 
Send for your copy damage, testing of ultrasonic transducers, networks : . : 
and ond of Gan correct reading every time. Complete 
See how Ramco 2- and PR Control techniques. with leather case containing inner 
AT . 
3-dip pocket for test strips. Weighs only 
solve your a 10-1, roseconds 
parts cleaning prob- 6 oz. Completely self-contained. 
lems, economically, Pulse : Adjustat 23 a microseconds 


Expenential 0.01 - 4db/ micro- WRITE FOR ILLUSTRATED FOLDER 
efficiently, safely! 
Write today! iilescepe: Integra! S-inch cathode ray tube dis- 
v permiting, viewing echo FERRO CORPORATION 
AMCO EQUIPMENT CORP. 4155 East 56th Street 


DIV. OF RANDALL MFG. CO., INC. <" Sperry P Jucts, Inc. Cleveland 5, Ohio 
809 Edgewater Rd., New York 39, N.Y. 


Danbury. Connecticut 


LIST NO. 128 ON INFO-COUPON PAGE 186 LIST NO. 206 ON INFO-COUPON PAGE 186 


LIST NO. 148 ON INFO-COUPON PAGE 186 


ONE-TWO PUN 


Our “combination” of quality 

products AND competent servic: 

you a qulek knockout 
of your precious metale 


giectropia ine problerns. 


Technic: 


P.O.BOX 965 PROVIDENCE R.1. 
7001 NO. CLARK ST. CHICAGO 26 ILL. 
LIST NO. 237 ON INFO-COUPON PAGE 186 
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curvec 
surfaces 
F.0. 8. Cleveland. 
) 
| 
*: 
* * * 
4 * 
C\ < 


> 
the GENUINE 
BRINELL 


HARDNESS TESTING MACHINES 
made by the Alpha Co. of 
Sweden and available from 
our stock at New Rochelle 


Never approeched in 
ACCURACY AND 
CONSTANCY of cali- 
bration .. at the 
standard 3000kg test 
load .. . maximum 
error plus or minus 

ke 


Write for Bulletin 
No, A-18 


GRIES INDUSTRIES, INC. 
Testing Machines Division 
NEW IROCHELLE ¥ 


15 Day FREE Trial 


Guarantees Satisfaction 


ECTRO 
THICKNESS TESTER 
MODEL 955 


Model 955 determines the thick 

of decorative and hee Guontom, 

silver, tin, cadmium tinc, brass, copper, 

nickel, lead, and other metallic deposits 
on various base metals. 90 - 95%, 
accurate .. . Direct reading... 

simple operation. 


AVE. 


ILLINOIS 


LIST NO. 215 ON INFO-COUPON PAGE 18 
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Control Temperatures 


Automatically with Burling Differential Expansion Units 


SAFETY LIMIT SWITCH . . . This Model H-15 is 

: § particulerly well suited for use os a high temperature 

ay safety clerm or cut-out on all types of heating equip- 

ment. It is completely reliable, has FM approvel, mey 
be used up to 2000°F, and is very inexpensive. 


WRITE for BULLETIN 101, 


Model ““H-1S" typicet Burling instruments. 
- Utmost occurocy. Best for con- 
Small size. Weother- trolling. Single or 
proof or explosion proof. multiple switches. 
Ask for Bulletin 103-1. Weatherproof con- 
struction. Ask for 
Model “’B”’ Bulletin 107-1. 
Model ‘‘F"’ 
Burunc Instrument Co., Inc. 
5 16 River Road, Chatham, N. J. 


LIST NO. 227 ON INFO-COUPON PAGE 186 


FAST « ACCURATE 


Low Cost Analysis 
HIGH TEMPERATURE 
AMLOYS 


Crobaugh Laboratories uses new X-Ray 
‘er and conventional methods to get 
accuracy from 1 p.p.m. range to 100%. 


COMPLETE METALLURGICAL TESTING SERVICE FOR 


Hydrogen, Oxygen, Nitrogen Analysis Wse 


in the field 
© Elevated Temperature Tensile and Stress 
Rupture FLUORESCENT PENETRANT INSPECTION 


®@ Low and High Temperature Impact 


@ X-Ray, Gamma-Ray Rodiogrephy 
“ ” 
Write for Complete Facilities Brochure ho _| | IDEAL FOR 
* Low-volume pro- 
duction testing 


Now find cracks, 
leaks, defects 
..» quickly, easily! 


ZYGLO 


Portable 


BLACK LIGHT Inspection 


THE FRANK L. CROBGAUGH CO. 
Member + American Council of independent Laboratories 
3800 Perkins Ave. « Cleveland 14,0. + UT 1-7320 
LIST NO. 210 ON INFO-COUPON PAGE 186 


Maintenance and 
tool inspection 


© Reliable leak test 
—welded tanks 


Control Thickness and Profile of Foils 
and Films with NEW Pulsing Type 


SHEFFIELD MEASURAY GAGE 


Sheffield Measuray Gage Model 25 PT continuously 
checks to “millionths” the thickness or profile of plastic 
films, paper, foil or sheet metal as it leaves the mill rolls 
at high speed. No contact between gage and iol, 


Principal 
Features 
@ All-Electronic 
System assures 
high-speed 
response and 
e@ccuracy 
@ Narrow X-ray 
beam for 
profiling 
@ Short pulsing 
of X-ray assures 


FIRE SAFE Genuine ZYGLO KIT 
New, improved complete with 

high flash-point 100 W. BLACK LIGHT 
extra safety 


push bt. 125” 
ton spray cans. 
® Modular construction facilitetes 


quick, easy maintenance MAGNAFLUX CORPORATION 
7328 West Ainslie Avenue 
Chicago 31, Illinois 


For Engineering Data Sheet No. 113-57, write to the 
Sheffield Corporation, Dayton 1, Ohio, U.S.A, Dept. 39, 
LIST NO. 236 ON INFO-COUPON PAGE 186 LIST NO. 198 ON INFO-COUPON PAGE 186 
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| | 
LIST NO. 135 ON INFO-COUPON PAGE 186 
TESTING 
PLATING 57° 
THICKNES® — 
= 
KOCOUR com PANY 
= 


Applies 1 to 10,000 gram loads 
Write for Bulletin 
Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON NEW JERSEY 
LIST NO. 53 ON INFO-COUPON PAGE 186 


OPTO-METRIC TOOLS, inc. 


137° VARICK STREET, NEW YORK 13 
LIST NO. 162 ON INFO-COUPON PAGE 186 


@ TENSILKUT table and floor models are available with 
motors from 4 to 2% hp. Write for free brochure. 


SIEBURG INDUSTRIES 
Danbury Industrial Park, Danbury, Connecticut 
LIST NO. 131 ON INFO-COUPON PAGE 186 
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You can read temperatures 


instantly with the 


For flowing, moving or 
stationary objects 


SHAW INSTRUMENT CORPORATION 


P.O. Box M-46, Latrobe, Pennsylvania 
LIST NO. 205 ON INFO-COUPON PAGE 186 


Automatic, direct-reading 
two-color pyrometer 


Send for new 
bulletin § that 
ives detailed in- 
ormation on 
this unique in- 
strument, 


DERMITRON 


NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


FAST... ACCURATE 
NON-DESTRUCTIVE 
DIRECT-READING 


@ instantly measures the thickness 
of metallic and non-metallic coat- 
ings and films 

Based on eddy-current principles 

e@ Enables measurements on smail or 
otherwise inaccessible areas 


This portable instrument for both lab- 
oratory and production use, gives fast, 
accurate and direct readings of virtu- 
ally any coating on any base, including: 


@ Metal coatings (such as plating) on 
metal base (magnetic and non- 
magnetic) 

Non-metallic coatings (such as 
paint, anodizing, hard-coat, ceramic) 
on metal base 

e@ Metal films (such as vacuum met- 
alizing) on non-metallic base (pias- 
tics, ceramics) 

Write for latest bulletins and ques- 


tionnaire to help solve your thickness 
testing problems 


UNIT PROCESS 


ASSEMBLIES, INC. 


LIST NO. 139 ON INFO-COUPON PAGE 186 


Wilson “Rockwell” 
TWINTESTER 


Measures both “Rockwell” and 
“Rockwell” Superficial hardness 
on B, C, N, T and other scales 
e Easy to operate—change from 
“Rockwell” to “Rockwell” super- 
ficial testing in seconds 

e Large direct-reading dial with 
one zero set position for all scales 
e Complete equipment includes 
cowl, ball penetrator for B and 
T scale, “Rockwell” test blocks, 
anvils, dust cover, and protective 
sleeve set 

e Complete line of accessories 
available 


Welle t Dept. DU. Ask for Bulletin TT-59 


WILSON "ROCKWELL 
HARDNESS TESTERS 


Wilson Mechanical co 
Instrument Division 


American Chain & Cable 
Company, Inc. 
230-F Park Avenue, New York 17, N.Y. = 


LIST NO. 209 ON INFO-COUPON PAGE 186 
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| KENTRON ‘ 
. 
Frank NEW DUPLE 
J 
| | | 
for all NORMAL aa 
. 
150, 100, 60, 45, | 4 
- 
id 2506 =. 
| ‘tos 
“TensitKur | 
Pot. Pend, U.S., Canads 
@ Now with TENSILKUT, whatever 
| 
| | | 
end plote metals . . . from .0005” foil to .500” plate. Hard = 
001 stainless steel foil to soft 42” aluminum, soft plastic 
film | mil im thickness or the abrasive glass laminates 
in .500” plate, are machined with specimen configura- 1 
tions accurate to + 0005”. Machined edges are com- 
, pletely free of cold working or heat distortion and 
require no hand finishing | 
i 


revolutionary * low cost 


micROHARDNESS 
TESTER 


© permits divect accurate 
feadings corresponding 
to Vickers within a few 
seconds 


ideally suited for on- 
the job production work 


eliminates a micto- 
Scope, conversion charts, 
complicated table. 


efor raped and accurate 
checking of surt.ice layers, 
thin sheets, flat springs, 
instrument parts, wire 
punches, etc 


© can be obtained in kg 
Or 2 kg loads penetrating 
as little as 000079" or 
00016" respectively 


222 YORK ROAD 
JENKINTOWN 5, PA. 
TUrner 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 


equivalent 


Write, wire or call for full details 


LIST NO, 207 ON INFO-COUPON BELOW 


LIST NO. 133 ON INFO-COUPON BELOW 


ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS 
PRODUCTION OF SMALL PARTS 

Beryllium Copper @  Bronzes 

Other Non-ferrous Alloys 
Rounded or square edges. 
Available with hot-tinned 

finish for solderability. 
Write for descriptive folder. 


FALLS, aLLovs 


193 Caldwell Ave., Paterson 1, N. J. 


SCALING. DURING 


“C-R" COATINGS 


MARKAL “C-R” COATINGS will protect 


HEAT-PROOF 
COATING 


wide range of metals at temperatures up to 
2100° F. against carburizing, corrosion, scaling 
and the like. Coatings are easily applied, easily 


removed after treating. 


WRITE ON LETTERHEAD FOR complete 
Coating infor mation. 


MARKAL COMPANY 3118 West Carroll Avenue ©® Chicago 12, Illinois 


Mark any parts while cold, 
identify them after heat treating 
regardless of temperatures and oil 
or weter Use ““M” up 
to 1600° *M-10” up to 2400° F 


WRITE ON LETTERHEAD FOR complete 
Paintstik information. 


MARKAL COMPANY 
3118 West Corroll Ave. Chicago 12, til. 


1 LIST NO. 217 ON INFO-COUPON TO LEFT 
h LIST NO. 212 ON INFO-COUPON BELOW 
ErvIC 
| | MORE THAN 50,000 
| METALLOGRAPHIC SAMPLES 
| Metals Park, Novelty, Otio | POLISHED DAILY WITH 
| vertisements in the Bulletin Board with mum- | AQUEOUS ‘sy sun 
| bers | have listed below— 
li 
(Bulletin Board Item Number) E iminates BUST 
| Fire Hazards 
| 
| | Non-Flammable 
EXCLUSIVE “DISA” FEATURES 
oa @ Quick and convenient exchange of electro- Non-Toxic 
© "On the spot" polishin 
= g of large objects by . 
for etching with every The ABC of Rust-Lick 
isa’ for Rust Prevention 
For complete information on this and other 
prone RUST-LICK, INCORPORATED 
! BOSTON 16, MASS 
SS ae | LIST NO. 219 ON INFO-COUPON TO LEFT LIST NO. 105 ON INFO-COUPON TO LEFT 
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| | 
_ 
IDENTIFY PARTS | 
STOP CARBURIZING, DECARBURIZING, ron 
Nearkal | PAINTSTIK | | 
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TREAT 
SMALL. 
PARTS . 


BEST 


F 


VERSATILE Complete atmosphere controi 


for heat treating from pen points to forgings, 
IN THE SAME FURNACE. 


SIMPLE Complicated maintenance problems 
are eliminated by the unique method of 
work conveyance ... A reciprocating hearth 
plus a simple mechanical drive. 


Shaker Hearth Furnace, 
with a production 
capacity of 800 Ibs. per hour. 


MODEL 238-A 

Shaker Hearth Furnace, 

with a production capacity of 
approximately 

150 Ibs. per hour. 


EFFICIENT No conveyor to drag heat from 
furnace ... A CONTINUOUS FURNACE 
for automatic or manual feeding. 


FULL MUFFLE CONSTRUCTION Pro- 
vides exact control of processing atmos- 
phere . . . Many small burners, in multiple 
control zones, heat the muffle uniformly. 


Shaker Hearths are available with capacities from 25 Ibs. per hour to 800 Ibs. per hour. 


Send for complete data and specification 
sheets on these and all of the other many 
“QUALITY BUILT” AGF furnaces for all specific 
and diversified uses. 


DECEMBER 1959 


AMERICAN GAS FURNACE.CO. 


1002 LAFAYETTE STREET — ELIZABETH 4 NJ 


4 HEAT 4, 
AKER HEARTH FURNACES 
= 
| 
| 
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Porosity in Aluminum 
Alloy Welds 


Digest of “Porosity in Alum- 
inum Alloy Welds”, by F. R. 
Collins, Alcoa Research Labora- 
tories, New Kensington, Pa. 


T= OCCURRENCE of porosity in 
aluminum-magnesium and alumi- 
num-magnesium-silicon alloy welds 


deposited by the shielded inert-gas 


consumable electrode process was 
investigated. The principal factors 
considered were gas in the plate and 
wire material, and atmosphere con- 
tamination of the shielding gas. 

To assess the effects of gas in com- 
mercial plate and wire alloys, highly 
gassed and completely degassed 
plate and wire alloys were produced 
in the laboratory by bubbling steam 
and chlorine, respectively, through 
the molten metal prior to casting. 

A simple test for porosity, which 


Cincinnati Sub-Zero 


insures maximum “45 


stability of metals .. . 
even at supersonic speeds! 


Speeds of thousands of miles per hour . . 
temperature and altitude changes . . 


preparedness. 


Whether or not your products are involved in this “race”, Cincinnati 
Sub-Zero production chilling or environmental test units can help 
. produce completely stabilized steels that retain high- 
impact hardness and dimensional stability under toughest conditions. 


Write us for Catalog and outline your needs for a no-obligation recom- 


them survive. . 


mendation on a custom-designed unit. 


. murderous split-second 
. today’s aircraft, rockets and 
missiles survive an almost unbelievable assault in the vital race for 


CINCINNATI SUB-ZERO PRODUCTS 


General Offices and Plant: 3930 R-9 READING ROAD, CINCINNATI 29, OHIO 


Member, Environmental Equipment Institute 
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consisted of heating the alloys to a 
“mushy state” and observing the 
porosity visually, showed no differ- 
ences between gassed and degassed 
plate, whether performed in argon 
or air, and was therefore rejected. 

An overhead welding test by the 
inert-gas shielded-are process was 
then selected, based on the theory 
that any porosity which developed 
would be trapped and clearly evi- 
dent radiographically. All the plate 
and wire material used was sub- 
jected to a rigid chemical and me- 
chanical cleaning process. 

Plate alloys were assessed by 
making one or more fusion passes in 
the overhead position with an argon- 
shielded tungsten arc. Weld radio- 
graphs were given porosity ratings 
between 1 (for sound welds) and 5 
(for excessively porous welds). 

Degassed 5052, 5056 and com- 
mercial 3004, 5052, 5056, 5154 and 
5356 alloy plate gave porosity rat- 
ings below 1% for up to six passes, 
whereas 5052 and 5056 alloy plate 
gave porosity ratings increasing from 
3 for one pass to 4 to 5 for six passes. 
Only the degassed 6061 alloy gave a 
low porosity rating even for one 
pass, the commercial and gassed al- 
loys giving a rating of 2‘, the poros- 
ity rating increasing towards 4 to 5 
for six passes in all three instances. 
The theory that this effect might be 
due to the high reactivity of Mg.Si 
to furnace moisture in the plate was 
supported by the reduced porosity 
obtained using freshly dry machined 
plate. 

The effect of electrode wire gas 
on weld porosity was assessed by the 
same method as for plate, mainly 
using 3004 alloy plate as a basis of 
comparison. For both tungsten arc 
and consumable electrode processes, 
some porosity was encountered with 
gassed electrode wires, but none of 
the commercial or degassed wires 
led to any significant weld porosity; 
4043 alloy wires were somewhat 
susceptible, however. Changing the 
plate alloy did not significantly alter 
the porosity rating of any of the 
electrode alloys. 

The hydrogen content of commer- 
cial plate and wire material was 0.3 
ce. per 100 g. in contrast to 1.8 cc. 
per 100 g. for sound consumable 
electrode welds. This relatively 


large amount of hydrogen in the 
weld appeared to be without any 
effect upon the mechanical proper- 
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Sta | it 
| must be more than skin deep! | 
| 
New 64,cu. ft. pro- 7 
350 Ibs..of AM-35 
stainless steel per 7 
hr. from ambient 
4 


| 

Nnrekel 
AManganese |. 
Coppen 
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The X-ray fluorescence analyzer, one of the many modern instruments 
in the chemical laboratory, helps Jessop make certain you get the 
specified per cent of each alloy in your specialty steel. 


“How X-rays help Jessop give you exactly 
what you want in alloy steels...’’ 


—C. M. Carlisle, Director of Analytical Chemistry 


“What's happening here? As the stylus in the X-ray fluorescence ana- 
lyzer draws red lines on the graph, the Jessop chemist determines the 
exact per cent of each alloy in a sample of specialty steel. 


“Based on this analysis, the melter may ask for the addition of, say, 
molybdenum to the molten steel now in electric arc furnace No. 3. 


“How’s it done? Bombarded by X-rays, the alloys in the sample of steel 
are radiating secondary rays. Converted into electrical energy, the rays 
are causing the stylus to move and draw red lines on the graph . . . indi- 
cating the types and per cent of alloys in the steel sample.” 


In the Jessop chemical laboratory, the X-ray fluorescence analyzer and 
many other modern instruments help us make certain you get the exact 
chemical composition specified in your order. This chemical laboratory 


is one more reason for your confidence in ordering specialty steels from STEEL COMPANY 
Jessop. Specify Jessop .. . and then relax! Washington, Pennsylvania 
VMA 6720 


Subsidiary Companies: 
Green River Steel Corporation, Owensboro, Kentucky @ Jessop Steel International C orporation, New York City 
Jessop Steel of Canada, Ltd., Wallaceburg, Ontario e Steel Warehousing Corporation, Chicago, Ill 


Stainless, alloy, tool, cast-to-shape, and forging steels, precision ground flat stock, and other specialty steels 
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At Los Angeles in the summer of ‘58, the 
nation’s leading metals engineers met in an 
ASM conference on “Fabrication of Molyb- 
denum”. Molybdenum fabrication  tech- 
nology, as developed and practiced by 
leading fabricators, was discussed in 18 
papers presented at the conference. Much 
of the information was previously classified 
and appears in print for the first time in 


ORDER TODAY: 


Technical Books 
Metals Park 
Novelty, Ohio 


each. Enclosed find: $ 


Name: 
Street: ___ 


City: - 


Company: 


FABRICATION OF MOLYBDENUM—18 
ILLUSTRATED—PAPER BOUND—8'2 x 11—$6.50 


Please send _._____ copy(s) of Fabrication of Molybdenum @ $6 


A NEW ASM BOOK FOR MOLY-CONSCIOUS 
METALS ENGINEERS 


“Fabrication of Molybdenum’. To make 
this book available to you as quickly as 
possible, ASM has published it in a paper 
bound, 8% x 11 inch format. You or your 
firm can benefit from the great promise 
that molybdenum holds in high temperature 
applications, and “Fabrication of Molyb- 
denum” will bring you up to date on all 
that is known about molybdenum today. 


TABLE OF CONTENTS 


Molybdenum as a Structural Material © Development of Molybdenum Base Alloys ® 
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® Brazing of Molybdenum © Ultrasonic Welding © Fusion Welding of Molybdenum 
Power Plant Components ® Protective Coating Systems for Molybdenum © Machining 
of Molybdenum and Its Alloys © Press Extrusion of Molybdenum Tubing ® Forming of 
Clad Molybdenum ® Forging of Molybdenum and Its Alloys ® Testing in the Hot Rod 
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Porosity in Welds . . . 


ties, possibly because of its finely 
dispersed condition. 

Since clean commercial plate and 
wire will not be major factors in weld 
porosity, it was concluded that at- 
mospheric contamination of the gas 
shield must be important. Experi- 
ments showed that a 65% helium, 
35% argon shielding gas mixture led 
to less weld porosity than either pure 
argon or helium, for normal operat- 
ing currents and voltages. This was 
also reflected in the lower hydrogen 
content of 1.3 ml. per 100 g. for 
helium-argon arc welds as compared 
to about 2 ml. per 100 g. for the 
argon or helium are welds. 

Chlorine additions of 0.05 to 
0.20% reduced the porosity of pure 
helium and pure argon arc welds 
but not that of helium-argon arc 
welds. However, chlorine is corro- 
sive to welding equipment, some- 
what obnoxious to welders, and can 
leave a potentially corrosive film on 
the weld. Chlorinated hydrocarbon 
gas additions to the shielding gas 
leave a carbonaceous residue on the 
weld surface. Up to 10% nitrogen, 
hydrogen, methane, carbon monox- 
ide and dioxide lead to blackened 
welds of higher porosity and inclu- 
sion content. Oxygen additions up 
to 1% reduced weld porosity but led 
to greater oxide formation. 

Clean commercial plate and wire 
alloys are not major factors in weld 
porosity, which is largely attribut- 
able to atmospheric contamination of 
the gas. A 65% helium, 35% argon 
mixture is the best shielding gas, but 
to avoid porosity, use the correct 
welding conditions and weld on 
clean plate material. P. D. Brake 


Construction of Atomic 
Power Facilities 


Digest of “Construction of Fa- 
cilities for Radioactive Work”, 
by C. N. Perleberg, TID-8016, 
Technical Information Service, 
Atomic Energy Commission, 
February 1958, 7 p. 


HIS PAPER describes certain fea- 
tures of the special laboratories 
and facilities for nuclear power re- 
search at the Knolls Atomic Power 
Laboratory (KAPL) in New York 
State. Because the laboratory is situ- 
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to measure and control 


The enormous variety of options available in 
Honeywell thermometers and pressure gages 
gives you custom design in standard instru- 
ments. Choose from thousands of combinations 
of pressure and thermal elements, chart and 
scale ranges, transmitting, receiving and 
pneumatic or electric control units. 


Use Honeywell thermometers to measure 
temperatures from —125°F to 1000°F, with 
accuracy of +1°%. Measure pressures as high 


TEMPERATURE 


Thermal systems—vapor, mercury, or gas actuated, 
case, case and capillary, or self-compensated. 


Bulb styles—plain, union-connected, averaging, pre- 
formed capillary, rigid extension, dairy, wet and dry 
bulb assemblies, self-contained thermal systems. 


Electric control—Electr-O-Vane, spst (on-off control), 
spdt (two-position control), sp 3t (three-position control). 


Pneumatic control— On-Off. 10% Throttlor (1 to 
10% proportional band, manual reset), Full Throttlor 
{1to 150% proportional band, manual reset), Air-O- 
Line (1 to 150% proportional band, automatic reset). 
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Choose from thousands of Honeywell instruments 


TEMPERATURE anu PRESSURE 


Both thermometer and pressure gages are 
_ available in recorder and indicator models. 


CONTROL COMBINATIONS AND OPTIONS 


as 4000 psi and as low as 5 inches of water 
vacuum with Honeywell pressure gages. 


Whatever your requirements in temperature 
and pressure measurement and control, there’s 
a Honeywell instrument virtually made to 
order for you. Get complete details from your 
nearby Honeywell field engineer. Call him 
today . . . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Win- 
drim Avenues, Philadelphia 44, Pa. 


PRESSURE 


Pressure and vacuum elements—spiral, intermedi- 
ate-range spring and bellows, low-range spring and 
bellows, dual spring and bellows for absolute pressure. 


Electric control—Electr-O-Vane, spst (on-off control), 
spdt (two-position control), sp3t (three-position control). 


Pneumatic control—On-Off. 10% Throttlor, Full 
Throttlor, Air-O-Line. 


Honeywell 
Control 
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Atomic Power .. . 


ated in a residential area, rigidly high 
safety standards were established. 
For example, to demonstrate the 
feasibility of operating an atomic 
power plant in a populated area, it 
was necessary to design and con- 
struct a large container to house the 
entire reactor and its associated 
equipment. This shell was built as a 
pressure vessel to boiler code stand- 
ards, and was designed to contain 


the fission products if other safety 
features failed. The most econom- 
ical design was a welded steel sphere 
225 ft. in diameter —the largest 
steel sphere in the world. Its self- 
supporting skin has a thickness of 
1 in. and weighs 4000 tons. All 
welds were inspected by X-ray, and 
when completed the entire sphere 
was subjected to a compressed air 
pressure test of 20 psi., stressing the 
plates at 15,000 psi. 

In the selection of materials for 
shielding against radiation hazards, 


Keep Your Product on the Move 


SMOKING 


Copper brazing at 2060° F. 


with ASHWORTH 
METAL PROCESS BELTS 


Whether it be copper brazing at 2060°, bright annealing, powder metal- 


lurgy or for operation in oil or water quench . . 
must go during processing, an Ashworth Metal Process Belt can take it. 


. wherever your product 


Consult your nearest Ashworth representative . . . let him help you solve 
your be!t problems, effect economies and keep your product on the move. 


Illustrated literature available 
ot ASHWORTH BROS., INC., WINCHESTER, VIRGINIA 


SALES ENGINEERS: Atlanta, Baltimore, Boston, Buffalo, Charlotte, N. C., 
Chicago, Cleveland, Dallas, Detroit, Fall River, Mass., Greenville, S. C., 
Louisville, New York, Philadelphia, Pittsburgh, Rochester, St. Louis, St. Paul, 
Tampa, Canadian Rep., Peckover's Ltd., Toronto, Montreal. 


concrete is the least expensive. Hot 
laboratories or cells, some with walls 
3 to 5 ft. thick, were required at 
KAPL to insure maximum protection 


to personnel. Because of the cost 
factor, and the desirability of having 
these walls as thin as possible to 
save space, various aggregates were 
used to increase the density of the 
concrete. In one of these, steel 
punchings were used as an aggre- 
gate. The steel was too heavy and 
settled to the bottom of the mix. A 
more successful combination em- 
ployed magnetic ore with portland 
cement. This required a stringent 
control of water and cement, but 
produced a shield of uniform density 
weighing 200 to 225 Ib. per cu.ft. 

To enable laboratory personnel to 
work safely in these hot cells and to 
view their work remotely, special 
windows were developed. These 
windows, which are best described 
as the fish-tank type, each have 
metal on four sides while the view- 
ing sides are composed of two pieces 
of lead glass 4 in. thick and a space 
filled with zinc bromide, plus a sec- 
tion of nonbrowning glass 1 in. thick. 
Each window is designed as a sin- 
gle compact unit and can be removed 
at any time. It affords as much 
shielding as an equal thickness of 
concrete with almost the same clar- 
ity of vision as air. 

Air supply and exhaust are among 
the most important considerations in 
the design and construction of facil- 
ities for radioactive work. All “hot” 
laboratories must be designed to 
provide necessary ventilation not 
only to protect the laboratory worker 
but to control the spread of contami- 
nation. At the Knolls laboratory, 
ventilating systems were designed 
for maximum flexibility with as much 
as 30 air changes per hour being 
proviced in some locations. All of 
the exhausted air is filtered through 
intricate systems consisting of glass 
wool filters and chemical warfare 
service filters to separate dust par- 
ticles of microscopic size. 

Another major problem in the 
operation of an atomic power plant 
or laboratory in a populated area is 
the control and disposal of radio- 
active wastes. Liquid wastes, for 
example, are classified into low and 
high-level materials. The high- 
level waste is stored until it decays 
to a point where it can be processed, 
while the low level waste is processed 
on a current basis. 
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Quenching... 
without 
distortion 


Don’t settle for simply the basic advantages of hot oil 
quenching. Particularly, if you work with special 

alloy steels, you should get these “extras” that 
Sinclair Marquenchol can give you...Extra Oxidation 
Resistance... High Flash and Fire Points...High 
Viscosity Index... Low Sludge Forming Characteristics 


MARQUENCHOL Quenching Oil 
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CATHODIC VACUUM ETCHER a metallurgical must 
_ for advanced materials development and production filling today’s 


previously unattainable through standard tech 
P| _ enables easy, simultaneous preparation of dissimilar materials not 


4 niques such as” uranium, zirconium, niobium, hafnium, 
hitride-coated and cobalt ‘steels * DEPENDABLE — Uni- 
i form, reproducible results less time with a minimum of effort. 


Atomic Power .. . 


Several years of study on the 
release of low-level liquid waste to 
the environment indicated that the 
major portion of these wastes could 
be released directly into the Mohawk 
River without evaporation, but with 
adequate prior dilution. As a safe- 
guard, all sewer effluent is con- 
stantly sampled and then analyzed 
for total activity discharge. The 
discharge of low-level waste is such 
that drinking water tolerance is 
maintained very near the sewer out- 
fall in the river. Solid wastes which 
are too hot for shipment require 
special handling and storage over 
long periods of time before decay 
reaches a point where shipment can 
be made for off-site burial. This 
necessitated the design and con- 
struction of below ground storage 
facilities located at some distance 
from other buildings. 

The development of atomic power 
has now reached a point where pri- 
vate industry can participate in its 
broadening growth. In due time 
still greater economies will be 
achieved in the construction of 
atomic po ‘+t plants because of the 
ever growing understanding of this 
great source of energy. 

Ww. 


W. AusTIN 


Self-Fluxing Sinter 


st of “Experience With 
Self- it Flexing Sinter at the Steel 
Co. of Canada, Ltd.”, by J. T. 
McMahan. Paper presented at 
the General Meeting of the 
American Iron and Steel Insti- 
tute, May 27, 1959, New York. 
T™ is a discussion of results ob- 
tained at the Steel Co. of Canada 
when a blast furnace was tested with 
a charge of 100% self-fluxing (cal- 
cite) sinter. Daily production in- 
creased from 650 tons (on 60% par- 
tially fluxed sinter) to 1140 tons of 
hot metal, according to the report. 
Also the tendency for the burden to 
hang was apparently greatly re- 
duced, its descent being smoother 
and faster. This occurred despite 
the higher blast temperature, which 
is normally a hig, factor in causing 
hanging. 
This gain in production should in- 
sure the use of self-fluxing sinter on 
these furnaces to the very limit of its 
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TS. YS. EL RA SR. 
2% 1200° F. 
80,000 Ib./sq. in. 


175,000. 128,000 20 23 225hrs. 
Spec. 150,000 100000 12 15 23hrs. 


JET ENGINE TURBINE SHAFT — MATERIAL: WASPALLOY 
Reproducible Properties 


TS. ¥S. EL RA SR 
82% 1350° F. 

70,000 ib. /sq. in. 
196,200 131,700 23 32 7ihrs. 
Spec. 160,000 90,000 15 18 23hrs. 


A NEW HIGH 


IN METALLURGICAL 
PROPERTIES FROM 
EXOTIC METALS 


\. engine components made from 
\, Cameron forgings have hit a new 


high in forming and in metallurgical 
refinements, developing not only 
room temperature properties 20% 


over} specifications but, more im- 
/portantly, producing these same 
/ ovér-specification values at elevated 


mperatures. 


With our special forging techniques, 
one heat and one push produce 
uniform properties from surface to 
center, and from hub end to flange 
end. Even in high density alloys, 
interesting economy is effected. 
Favorable billet to finished forging 
weight ratio means less of the expen- 
sive material is use@in each opera- 
tion. Because/6f improved grain 
structure and/close controls through- 


out the gotire process, maghifing—— 


qualities /dre excellent. 


All th of cours¢/ gives 


customprs a better component func- \ 
tionally and economidally. Ghedk the 


accompanying comparison the — 
specification values and obtalted— 
values onthe two jet turbine rotating 


\\ \ 


components shown—let us show 


what we cahdo with your problem 
forgings —just NEALL, WRITE, or 
COME BY 


{RON WORKS, InC. 


SPECIAL PRODUCTS DEPARTMENT 
P. QO. Box 1212, Houston, Texas 
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For almost every 


hardness testing requirement 


There’s a Wilson “Rockwell” 


instrument to do the job 


Wilson “Rockwell” Hardness Test- 
ers can help make your products 
better, stronger, longer lasting. 
They give reliable results on the 
production line, in laboratories, in 
tool rooms, and in inspection.de- 
/ partments. They’re as easy to use 
as a center punch, as durable as a 
machine tool, as sensitive and ac- 
curate asa precision balance. That’s 
why Wilson “Rockwell” is recog- 
nized as the world’s standard of 
hardness testing accuracy. 


Welte for Catalog RT-58. 
It gives complete details on 
the full line of Wilson hard- 
ness testing equipment. 


TWINTESTER 
combines functions 
of “Rockwell” and 
“Rockwell” 
Superficial Testers 


HARDNESS TESTERS 


Wilson Mechanical Instrument Division 


rs American Chain & Cable Company, Inc. 
230-F Park Avenue, New York 17, New York 
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WILSON 


Wilson '‘Brale” 
Diamond Penetrators 
give Perfect Readings 


A perfect diamond pen- 
etrator is essential to 
accurate testing. Only 
flawless diamonds are 
used with Wilson 
“Brale” penetrators. 
Each diamond is cut to 
an exact shape. Micro- 
scopic inspection and a ; 
comparator check of each dia- 
mond—one by one—assure you 
of accurate hardness testing 
every time. 


AUTOMATIC—semi and fully automatic 
models for automatically —— 
pieces at rates to 1,000 pieces per 


Self-Fluxing Sinter . . . 


availability. Whenever a gain of 
over 60% in production and a saving 
of 30% in coke consumption is ob- 
tained by a relatively simple change 
in the type and amount of sinter 
used in a blast furnace burden, an 
important step forward has been 
made. Of course, much work re- 
mains to be done. All of the pos- 
sible changes which can be made in 
blast furnace operation must be fully 
explored to obtain maximum results. 

Without doubt, self-fluxing sinter, 
when used in a furnace all tuned up 
to operate on it, produces a marked 
increase in production and a 
decrease in coke rate. The combina- 
tion of highest practical blast tem- 
perature with the proper sizing of 
self-fluxing sinter and coke should 
result in a new day for the blast 
furnace. Perhaps a relatively small 
addition of coarse ore and proper 
steam or moisture additions will be 
helpful, too. 

The paper is easy to understand 
and indicates clearly the value of any 
sinter in the burden. It should 
stimulate the imagination of all blast 
furnace operators, especially those 
being hard pressed for more produc- 
tion from the present equipment. 

In many instances blast furnace 
production has been improved by 
better preparation of the ore. This 
improvement has exceeded 25% in 
some instances. When this is added 
(where practical) to an increase of 
50% or more obtained by the free 
use of self-fluxing sinter, the total 
improvement in production is great 
indeed. 

High top pressure, and steam and 
oxygen in the blast, can also con- 
tribute to a marked improvement in 
production. Another possible aid 
may come through the use of spe- 
cially designed, external, desilicon- 
izing and desulphurizing equipment. 
This will permit the operation of the 
blast furnace with no restrictions 
because of sulphur or silicon. 

While this paper clearly shows 
what can be done by the use of self- 
fluxing sinter under special condi- 
tions, it also indicates one more way 
of postponing the financing of the 
installation of a new blast furnace 
when increased hot metal or pig iron 
must be obtained. 

H. W. McQuaw 
(More digests on p. 198) 
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PROFIT INSURANCE camel 
with J&L Stainless Steel Bars 


Your machining costs on stainless steel bars are part of " 
your investment for profit. Add your costs for tooling, handling — 
and polishing, and you multiply your investment, often many - 
times over. 
Scrapping a single bar wipes out that investment—and with it Careful attention to every production detail is the key to J&L quality 


most of your profit on a large volume of finished goods. 


Every step taken to reduce rejects helps insure profits! 
The biggest step you can take in that direction is to specify J&L 
Consistent Quality on all orders for stzinless steel. 


J&L leads the industry in melt shop standards for stainless steel 
—the point where quality starts, and your profit insurance begins. 


Plants and Service Centers: STA LE 


Los Angeles + Kenilworth (N. J.) Youngstown Louisville (Ohio) Indianapolis + Detroit SHEET STRIP BAR WIRE 


Jones & Laughlin Steel Corporation « STAINLESS and STRIP DIVISION + Box 4606, Detroit 34 
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Tempering Low-Alloy Cast] | 
_No. | C | _S:_| Mn | Cr | Mo| 
Creep Resistant Steels | 0.22 | 0.59 | 0.59 | 0.73 | 3.32 
2 | 023/055 — | — | — 
3 | 0211054 | 057 0.55 
-Alley Creep Resistan 3 
4 |021| 0.58 | 0.61) — | 0.54 | 0.72 | 3.43 
eg and Vanadium”, 5 0.22 0.45 | 0.49 | 3.02 0.54 - — 
by 6 | 0.22 | 0.52 | 0.51 | 3.08 | — | 0.73 | 3.32 
Snr STR ae ene 7 | 0.22 | 0.47 | 0.52 | 3.18 | 0.50 | 0.75 | 3.40 
aa ee 8 0.22 | 0.23 | 0.46 | 1.03 | 0.99 | 0.20 | 0.91 
9 | 0.22 | 0.24 | 0.46 | 1.05 | 0.99 | 0.39 | 1.77 
N HARDENED plain carbon 10 | 0.23 | 0.26 | 0.49 | 1.09 | 0.94 | 0.59 | 2.48 
steele are tempered in the tem- ll] | 0.23 | 0.28 | 0.52 | 1.14 | 0.98 0.73 3.18 Compositions of Various 
12 | 0.22 | 0.28 | 0.54 1.10 | 0.96 | 0.87 | 3.96 | Steels Investigated Are 
13 | 0.22 | 0.28 | 0.53 | 1.141097|1.11 | 5.05 | Given in Table at Left 


a 


Missile Tray Made by B & P 
Beats Target Weight by 300 Ibs. 


Air transported missiles require minimum weight handling equipment so that 
important defense weapons can be moved efficiently and on schedule. Recently, 
Brooks & Perkins was given the responsibility for engineering, designing, building 
the prototype and manufacturing an aluminum missile tray, shown below. 
Unusual loading problems and the extreme importance of deflection required 
a dimensional tolerance of + '42” in the 33-foot over-all length at 68°F. B & P 


not only met all tolerance requirements, but also reduced the initial target weight 
by 300 lbs. 


The aluminum missile tray is another example of Brooks & Perkins skill and 
experience in the fabrication of light metal products for ground support equipment. 


For more information and details of this and other GSE programs, write direct 
to Brooks & Perkins, Detroit. 


¥ BROOKS PERKINS, Inc. 
1958 W. FORT ST. DETROIT 16, MICH. 
Offices in Washington and New York 
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mically with tempering time. Alloy 
steels containing noncarbide-forming 
elements also behave in this man- 
ner although at a slower rate. How- 
ever, if the steels contain strong 
carbide-forming elements such as 
molybdenum or vanadium, they will 
react like an age hardening alloy 
and reach a maximum hardness 
value. This phenomenon, known as 
secondary hardening, has been the 
object of numerous investigations 
which have revealed that it is asso- 
ciated with the formation of alloy 
carbides. 

The object of this investigation 
was to determine the microstructural 
changes occurring during the tem- 
pering of 0.2% carbon steels con- 
taining up to 3% Cr, 1% V and 
1% Mo. 

Seven steels were investigated. 
They were basically 0.2% carbon 
with varying amounts of vanadium, 
chromium and molybdenum (see 
Table) and may be divided into 
three groups on the basis of the 
number of alloying elements. Group 
1 was composed of three steels, each 
containing one alloying element; 
Group 2 was composed of three 
steels, each containing two alloying 
elements; and Group 3 was com- 
posed of one steel containing three 
alloying elements. 

The steels were made in an induc- 
tion furnace as 18-lb. melts and 
cast into 3-in. molds. They were 
then forged into %-in. diameter bars 
which were cut into %-in. thick spec- 
imens. The specimens were treated 
at 1920 or 1975° F. for 1 hr., oil 
quenched and tempered in a lead 
bath at temperatures of 750, 930 and 
1110° F. and tempered in air at 
temperatures of 1200, 1250, 1290, 
and 1380° F. 

After tempering specimens were 
air cooled. The tempering times 
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le Tourneau-Westinghouse Company uses this Ipsen “straight-through” controlled atmosphere, semi-automated pusher furnace 
for hardening final drive gearing and transmission parts used in Le Tourneau-Westinghouse earth moving equipment. 


Harold C. Stone is 
Chief Metallurgist of 
Le Tourneau-West- 
inghouse Company, 
Peoria, Illinois, one of 
America's leading hs 
producers of earth moving equip- 
ment. In the following interview, Mr. 
Stone tells why he is well satisfied with 
his Ipsen controlled atmosphere pusher 
heat treating equipment. 


Q@.What type of work do you run in your 


Ipsen ''straight-through’’ controlled at- 
mosphere heat treating unit? 


A. We use our Ipsen pusher equipment for 


the controlled atmosphere hardening of 
final drive gearing, transmission parts, 
and other parts used in our Le 
Tourneau-Westinghouse earth moving 
equipment. Every 15 minutes the fur- 
nace receives a 200-ib. charge which 
remains in the furnace 90 minutes, and 
in the quench 10 minutes. If necessary, 
we can increase our charges to 500 


Ibs. and heat treat 2000 Ibs. per hour. 


Q@.Have you been able to increase pro- 


duction with your Ipsen equipment? 


A. We have achieved an approximate 25% 


increase with our Ipsen unit (as com- 
pared with the four salt pots it re- 
placed). Part of this improvement is due 
to the fact that our work is pushed 
through the furnace work chambers, 
and quench, automatically. This, of 
course, is faster than would be possible 
if it had to be handled by our operators. 


@.What about your operating or pro- 


duction costs? 


A.Fuel costs have definitely been re- 


duced. Gas consumption with our 
Ipsen unit (including the generator) is 
less than 1,000 cfh...as compared with 
a total of 2,000 cfh for the four pot fur- 
naces which turn out less work. Straight- 
ening, which was formerly required on 
about 80% of our parts with long shafts, 
has been virtually eliminated. And 


le Tourneau-Westingh Cc 


we've increased production 25% 
and reduced costs with our ipsen pusher 
heat treating units.’’ 


pany, Peoria, Illinois 


sand blasting is no longer necessary. 

@.What do you think of the automatic 
quench feature of your Ipsen equipment? 

A. We like it because we can set the tem- 
perature of the quenching medium and 
maintain it. As a result, we obtain better 
quality and less distortion. We save 
labor by quenching batches instead of 
individual pieces. 

Q.What about maintenance? 

A.We haven't had any maintenance to 
speak of ...only routine and preventive 
maintenance. 

@.Have your men commented on Ipsen 
equipment? 

A. Yes. Our heat treat foreman, Mr. Waldo 

Dirkes, says it's one of the nicest pieces 

of equipment we have. He says the 

pusher furnace is simple to operate 
and certainly easy to keep clean. 


Ask for your copy of a brochure de- 


scribing the type of Ipsen equipment 
used by Le Tourneau-Westinghouse. 


HEAT TREATING UNITS 


IPSEN INDUSTRIES, INC. » 723 S. MAIN STREET + ROCKFORD, ILLINOIS 


rf My 
| 
| 
| 
| 199 


BURNERS & FURNACES 


Using Only Low Pressure Gas 
Por Clean, Fast, Quiet Heat-Up at Lowest Cost!/ 


HIGH SPEED FULL MUFFLE FURNACES LARGE FLOOR TYPE es.” 
Bench type for heat treating high speed OVEN FURNACES i 6 
and alloy steels. Temperatures For universal heat & ; 
to 2400° F. treating of larger 
pieces. Temperatures 
to 2000° F. 


CHARLES A. HONES, INC. “~~ 


123 So. Grand Avenue, Baldwin, L.1., New York * BAldwin 3-1110 


About Hardness Testing 


Everything you need to know about 
hardness testing is told in this handsome 
book, prepared by the makers of the 
internationally respected CLARK 
Hardness Testers for “Rockwell Test- 
ing.’ Simple, easy-to-read text (in 
English) and numerous illustrations show the equipment 
and procedure for fast, accurate hardness testing of ferrous 
and non-ferrous materials. If you would like a copy, free of 
charge, just attach this ad to your letterhead or write 
“Send book.” A copy will be mailed to you promptly. 


P.S. If you are interested in descriptions and prices for 
CLARK Hardness Testers (Standard and Superficial) of guar- 
anteed accuracy, say the word and we'll gladly supply them. 


CLARK INSTRUMENT INC. 


10202 Ford Road e Dearborn, Mich., U.S.A 


Low-Alloy Steels . . . 


were %, 1, 2, 5, 10, 20, 50 and 
100 hr. at each temperature. 

The test results of the steels con- 
taining a single alloying element 
revealed that vanadium had the 
most pronounced effect on secondary 
hardening. When this steel was 
tempered at 930° F., the hardness 
started to increase and was still 
rising after 100 hr. at temperature. 
Tempering at 1110° F. produced a 
maximum hardness after approxi- 
mately 1 hr. After 10 hr. the hard- 
ness began to decrease. Tempering 
at higher temperatures resulted in 
a lower maximum hardness after a 
shorter tempering time. The chro- 
mium steel showed no tendency for 
secondary hardening to occur but 
did reveal a low rate of softening, 
particularly at 750 and 930° F. The 
molybdenum steel containing 0.55% 
Mo exhibited very little tendency to 
secondary harden. However, the 
softening was retarded at 750 and 
930° F. 

The tests of the Group 2 steels 
revealed that the behavior of the 
vanadium-molybdenum steel was 
very similar to that of the vanadium 
steel. However, the addition of the 
molybdenum increased the 
quenched hardness and also the 
tempered hardness for any given 
combination of time and tempera- 
ture. Likewise, the behavior of the 
chromium-molybdenum steel 
similar to the chromium stee] with 
the molybdenum serving to raise the 
hardness after any given treatment. 
The chromium-vanadium steel, how- 
ever, revealed characteristics of both 
chromium and vanadium steels. 
Secondary hardening did not occur, 
but the chromium-vanadium steel 
did not soften as rapidly as did the 
chromium steel. The behavior of 
the steel containing three alloying 
elements was similar to that of the 
chromium-vanadium steel. However, 
the hardness of the triple alloy steel 
was slightly higher for any given 
treatment. 

Previous investigations had dem- 
onstrated that the creep properties 
of chromium-molybdenum-vanadium 
steels were dependent upon the 
vanadium/carbon ratio. Therefore, 
six more steels with V/C ratios vary- 
ing from 0.91 to 5.05 were made 
and tested (see Table, Steels 8 to 
13). The best creep properties 
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: “BUZZER” Burners & Furnaces for Heat Treating, Melting, Soldering 


80-ton trailer hauls 5 times its own weight! 


built from (38) MAN -TEN and (s8)"T-1” Steels 


LeTourneau-Westinghouse designed this bottom dump hauling unit to carry the greatest payload 

with the least possible empty weight. The trailer weighs just over 15 tons but will haul a whopping load 
of 80 tons or more. This gives it an extremely high ratio of payload to weight and makes the unit 

most economical on fuel, tires and other operating cost items. 


The trailer was built with USS MAN-TEN High Strength Steel in the body and USS ‘‘T-1"’ Constructional 9 
Alloy Steel in the highly stressed rear-axle assembly. This combination produced a tough wear-resisting 
unit that would take the beatings from coal or rock or whatever had to be hauled. 


MAN.-TEN Brand Steel combines a strength level of 50,000 psi yield point min. with superior abrasion 
resistance. ‘‘T-1'’ Steel was used because its extra high yield strength (100,000 psi minimum) 
resulted in a lighter weight unit which would still take the road shocks at 40 miles per hour. Both steels 
saved weight and resulted in a payload increase of 10 tons over conventional construction. 


For low hauling costs, build equipment with USS Design Steels ... MAN-TEN for strength with economy, 
COR-TEN for strength with superior atmospheric corrosion resistance, TRI-TEN for strength 

with notch toughness and ‘‘T-1”"’ for extra high yield strength and impact abrasion resistance. For more 
information, write to United States Steel, 525 William Penn Place, Pittsburgh 30, Pennsylvania. 

USS, MAN-TEN, COR-TEN, TRI-TEN and “T-1" are registered trademarks 


Mr. Big hauls as much coal as 1'% railroad cars but weighs less than most 50-ton capacity trucks. USS Design Steels make the difference. 


United States Stee! Corporation — Pittsburgh 
American Stee! & Wire — Cleveland 

National Tube — Pittsburgh 

Columbia-Geneva Stee! — San Francisco 

Tennessee Coal & iron— Fairfield, Alabama 

United States Stee! Supply — Stee! Service Centers 
United States Stee! Export Company 


United States Steel 
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This is a space ship 
floor maker 


Sometime within the next several years, the 
first American will soar into orbit around the 
earth. He will be sealed in a small, cone-shaped 
space capsule mounted atop an Atlas missile. 
The missile will climb 100 miles in less than 
six minutes, where the capsule will disengage 
and go into orbit. The man will be alone in space. 
The vehicle for this historic voyage is al- 
ready in production, under the auspices of the 
National Aeronautics and Space Administra- 
tion's “Project Mercury.” One of the possible 
methods of heat protection is a beryllium heat 
sink, forged on two giant steel dies. Both dies 
are USS Quality Steel Forgings. The top die 
(shown being rough-machined on one of our 
vertical boring mills) will be convex, 20 inches 
thick and will weigh 26,520 pounds. The bottom 
die, concave and 18 inches thick, weighs 27,700 
pounds. Both are 92 inches in diameter. 


The heat sink of the space capsule will also 
be its leading face when re-entering the atmos- 
phere. It will be traveling 18,000 miles per hour, 
subject to thousands of degrees of temperature 
and many times the force of gravity. Naturally, 
it has to have superb strength and heat-zesist- 
ant characteristics. By the same token, the dies 
that shaped the capsule floor had to be perfect. 


After forging, both dies were subjected to 
preliminary heat treating and preliminary 
machining. Then came quenching and temper- 
ing. A battery of tests followed: ultrasonic 
inspection, tangential tensile tests, Charpy V 
notch impact tests, grain size tests, bend tests 
and magnetic particle inspection. Only then 
were the dies ready to take the incredible forg- 
ing pressure, exerted by the giant hydraulic 
closed-die forging press where the beryllium 
disc was formed. 


We invite your inquiries or requests for our 
free 32-page booklet on USS Quality Forgings. 
Just write United States Steel, 525 William 
Penn Place, Pittsburgh 30, Pa. 

USS is a registered trademark 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Steel — San Francisco 
Tennessee Coal & iron—Fairfield, Alabama 
United States Stee! Export Company 


United States Steel 
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Wood proves Stainless Steel is simple to fabricate 


General Sales Manager, C. Paul Car/son, points to the Stainless Stee/ 
milk cans designed and manufactured by the John Wood Company. 


There's probably no one that has more experience 
and know-how with Stainless Steel fabrication than 
the John Wood Company. At eight different plants 
in the U. S. and Canada, the company makes every- 
thing from gasoline pumps to milk strainers. At their 
St. Paul plant they are equipped to produce 50% of 
the Stainless Steel can requirements for the entire 
dairy and dispenser industries. 

The company worked closely with sanitation ex- 
perts and health officials to design a Stainless Steel 
can that meets the strictest regulations for both mate- 
rial and workmanship. And at the same time, they 
found ways to simplify fabrication and save time and 
materials. They developed methods of hydraulic form- 
ing, welding, grinding and polishing that have paid off 
in lower costs and a quality product. These Stainless 
cans have a hard, durable finish that is easy to clean, 
ready for long, sanitary service. The John Wood 
Company proved that Stainless Steel isn’t difficult to 
fabricate, it’s just different. 

If you would like to have complete information 
about working with Stainless Steel, write for a free 
copy of our Stainless Steel Fabrication Book. United 
States Steel, 525 William Penn Place, Pittsburgh 30, 
Pennsylvania. USS is a registered trademark 


United States Stee! Corporation — Pittsburgh 
American Steel & Wire — Cleveland 

National Tube— Pittsburgh 

Columbia-Geneva Steel — San Francisco 
Tennessee Coal & iron—Fairfield, Alabama 
United States Stee! Supply — Stee! Service Centers 
United States Stee! Export Company 


United States Steel 
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GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES 


La. at 
0. 6 


BALTIMORE, 
413 North Chartes Street 


Altes York 
H. Rebinson 


NATIONAL ENGINEERING 


BIRMINGHAM, 
544 Amerioan Lite Bids. 


Edward T. 
224 8. Michigan Ave. 


CLEVELAND 15, Obie 
Whiteside 


Heat and Corrosion wien 


DENVER 15, Colorade 
Tracy C. Jarrett 


Resistant Castings 


PHILADELPHIA 20, Pa. 
General Al Ce. 


and Fabrications 
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General Alloys Company products 


are backed by a national engineer- 
ing service offering unexcelled me- 


chanical and metallurgical Heat and 


Corrosion Resistant Alloys for all 


z 
z 


Defense and Industrial applications. 


235 
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“There is no substitute 
for Experience’”’ 


GENERAL ALLOYS CO. 


405 WEST FIRST STREET BOSTON. MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF 
HEAT & CORROSION RESISTANT CASTINGS” 
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PSC’s All-Sheet Construction 
Adds to Furnace Tube Life 


Experience of users shows much lower frequency of burn-out, with 
tube life extended up to 100%. In PSC tubes, precision-welded 


bends are of same metal and thickness as the 
legs. The continuously smooth walls result 
in uniform flow of gas, and reduce the car- 
bon build-up and bend burn-out, which com- 
monly result from the rough interiors of 
cast alloy bends. Lighter than cast by 33 
to 50%, PSC radiant tubes cost less in- 
itially. Any size, shape or alloy. 


All Types Heat-Treat Units 


THE PRESSED STEEL CO. + Wilkes-Barre, Pa. bs. 


Reduce Installation Costs 


of Thermocouple 


Extensions 


You can now install 6 to 56 pairs of 
thermocouple leads at one time with 
“Thermo-Cable,” T-E’s new multi-con- 
ductor extension cable. Installed in con- 
duit, “Thermo-Cable” reduces costs by 
eliminating the need to pull individual 
conductors—and permits the use of small- 
er conduit for the same number of leads. 
“Thermo-Cable” can also be installed with- 
out conduit, in open troughs or in raceways. 


smooth, polyvinyl 
chloride outer jacket resists moisture, 


THERMO-CABLE 


heat, abrasion and chemical action—and 
slips easily through conduit. ISA color 
coded, individual conductors are also in- 
sulated in hi-temp (221°F.) polyvinyl 
chloride—and the conductor bundle is 
wrapped in aluminum-backed Mylar tape 
for electrostatic shielding. Pairs are num- 
bered alike and lie next to each other. 
“Thermo-Cable” is available in 6, 14, 18, 
25, 39 or 56 pairs and comes in all stand- 
ard thermocouple materials. 


Write For Wire Section 33-H 


in Canada> 


SADDLE BROOK, NEW JERSEY 


Low-Alloy Steels . . . 


were obtained from steel No. 11 
although practically identical re- 
sults were obtained from steel No. 
12. The behavior of steels No. 8, 9 
and 10 was similar to that of No. 11; 
however, the lower V/C ratios re- 
sulted in lower hardnesses. Steel No. 
13 showed characteristics similar to 
the other steels when tempered to 
peak hardness. However, when 
the tempering conditions exceeded 
the requirements for maximum sec- 
ondary hardening, it softened more 
rapidly than steels No. 11 and 12. 

A possible explanation of the 
results obtained is as _ follows: 
Vanadium carbide is nucleated sep- 
arately within the ferrite grains as 
small plates, which grow larger 
with further tempering. Chromium 
stabilizes ¢-iron carbide, which then 
transforms to cementite and finally 
to Cr;C,. The rate of growth of 
chromium carbide is much greater 
than that of vanadium carbide. The 
addition of molybdenum modifies 
the form of the precipitated cemen- 
tite, but Mo,C is not precipitated 
until high tempering temperatures 
are attained. In the presence of 
chromium and vanadium, molybde- 
num carbide is not readily formed. 

During tempering the ferrite 
matrix recrystallizes, but, if large 
carbide particles are formed at the 
ferrite grain boundaries, ferrite grain 
growth may be hindered. 

BERNARD TROCK 


Thermometer for High 
Temperatures 


Digest of “High-Temperature 
Resistance Thermometry”, Sum- 
mary Technical Report STR 
2420, National Bureau of Stand- 
ards, Washington, D.C 


EVELOPMENT of new high-tem- 

perature processes requires ac- 
curate temperature determinations 
and the extension of temperature- 
measuring techniques. The National 
Bureau of Standards has developed 
a platinum resistance thermometer 
for interpolating between fixed 
points on the International Temper- 
ature Scale (ITS) above 1167° F., 
the melting point of antimony. In 
addition to simplifying and smooth- 
ing the scale, it is expected that its 
use at temperatures up to 1945° F., 
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HONEYWELL 
INDICATING 
TEMPERATURE 
CONTROLLER 


. « « designed for industrial applications 


The new Honeywell T654A is a rugged, dependable, yet 
modestly priced indicating temperature controller designed 
specifically for industrial use. It includes these features: 


® Indicating and control setting dials clearly visible. 

© Set point changed by turning knob on front of case. 

®@ Even graduations in a variety of ranges. 

© Sensitive, liquid-filled thermal system. 

© Complete case and tubing compensation for ambient temperature. 
® Armored capillary tubing. 

@ MICRO SWITCH* SPDT nar:ow differential snap switch. 


Get complete details from your nearby Honeywell field engineer. 


Call him today . . . he’s as near as your phone. 
MINNEAPOLIS-HONEYWELL, Wayne and Windrim Avenues, 
Philadelphia 44, Pa. 


Honeywell 


DECEMBER 1959 
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the gold point, will provide greater 
precision and reproducibility. 
Platinum resistance thermometers 
* , have been designed which have 
drifts of less than 0.001° per hr. at 
s. 1830° F. To achieve this stability, 
Wi All highest purity platinum wire had to 
A urnace rd Té tain ess oys be used for the temperature-sensing 
resistor, and the resistor had to be 
To eliminate problems of distortion, 
materials without silica were neces- 

stress, oxidation, and porous welds 
In one successful thermometer, 
four equally spaced synthetic sap- 
phire disks (about %4 in. diameter) 
support the resistor wire. Eight rel- 
atively heavy lengths of platinum 
wire, about 1% in. long, are threaded 
through holes in the disks and 
welded together at the ends to form 
a single continuous electrical conduc- 


The advantages of stainless alloy brazing in dry 
hydrogen or vacuum environment furnaces are 
many. And the use of brazing for high-tempera- 
ture service parts is growing just as fast as 
potential users learn to design for it. We offer 
technical design assistance to further the ac- 
ceptance of this modern joining technique. Ten 
years of pioneering this field, plus operating 
three stainless processing plants, plus manu- 
facturing our own Nicrobraz® brazing alloys, 
fully qualifies us to give initial guidance to your tor; its resistance at 32°F. is 0.25 
design crew in planning brazed stainless com- ohm. 

ponents. Call TWinbrook 3-3800 in Detroit, or ; d 4 ati : 

out how we hilp yeu. Four leads of platinum wire, sup- 


ported by synthetic sapphire plates, 


STAINLESS PROCESSING DIVISION 


tire thermometer assembly is en- 
WALL COLMONOY CORPORATION cased in a protecting tube of high- 


19345 John R Street + Detroit 3, Michigan purity fused alumina. 


There are Wall Colmonoy furnace plants in Detroit, Michigan; 
Morrisville, Pennsylvania; and Montebello, California 


for heavy 
service NEW COMPANION VOLUME 
at high TO FAMED BASIC METALLURGY | 
| temperature This easy-to-read and practical book describes the 
‘ equipment and its use for metallurgical operations. This 
is a practical guide to metallurgical equipment, test 
ARROP and techniques. 
; Well-illustrated with 67 pictures, 17 pull-out data 
| NMR-12 sheets and 37 charts and graphs, Basic Metallurgy II 
4 contains a comprehensive 8-page index for handy use 
i ELECTRIC plus 68 references to other authoritative sources. 
Model NMR-12-22115-DP. Equipped as 
FURNACE described. Table of Contents 
PURPOSE AND KINDS OF MICROSCOPIC INVESTIGATION 
Only $2,560.00 puts this Harrop furnace to work for oe TESTING PYROMETRY 
metallic resistors give steady service at temperatures up to rr 
with intermittent operation to 3000° F. Equipped for manual TENSION TESTING MACHINES HEAT TREATING EQUIPMENT 
operation and for automatic cycling ...set time and temperature, HARDNESS TESTING PREPARED ATMOSPHERES FOR 
: then furnace heats to —— jlemperature, holds accurately for OTHER MECHANICAL TESTS HEAT TREATMENT 
outside dimensions 35” wide by 40” deep by 66” a 3000° F. MACROSCOPIC TESTING MISCELLANEOUS TESTING 
internal refractories. External blower for accelerated cooling. a 
15 KVA eeeafermer, voltage adjustable from 55 to 230 volts in $7.50... 232 Pgs. PLUS 17 Data Sheets...Red Cloth Binding 
All NMR Furnaces by Harrop are designed for this kind of heavy- ASM Technical and En ineering Book Information Service 
duty service, will cut operating time and expense . .. provide great Metals Park, Novelty, — 
flexibility of Available with standard or optional in- find $ » of Bes 
a . .. Setting spaces ranging from 7” x 9” x 812” to Metallurgy ‘Volume ii wvsconrereenneemammaneenneensnnnamareesesteoe ‘or copy(s) of Basic 
36” x 40” 36”. 7 
Special Aa designs developed to meet your need. For non- Or: Bill me () Bill Company () 
obligating recommendation, send information on materials, tem- 
rature range, heat control and firing objectives to Dr. Robert A. 
hoenlaub, Technical Advisor. Street & No.. 
HARROP ELECTRIC FURNACE DIVISION Zone... State 
OF HARROP CERAMIC SERVICE CO. Company 
Dept. mM, 3470 E. Fifth Ave., Columbus 19, Ohio 
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[PRECISE] CONTROL 
OF MICROSTRUCTURE 


to your restricted specifications with 


J&L Cold Rolled Strip Steels 


The microstructure of strip steels can have an important bearing 
on the fabrication and mechanical properties of many critical 
components. All of the phases which combine to form the struc- 
ture of a metal have their own specific properties. 


J&L offers you an experienced organization devoted to strip 
steel processing combined with fully integrated facilities which 
permit precise control of microstructures. 


Basic oxygen furnaces, high standard open hearth practice and 
electric furnaces provide optimum melting conditions; new hot 
strip mills are designed specifically to produce the finishing tem- 
peratures needed for inherent quality. Cold mills, annealing and 
normalizing furnaces and other equipment are designed and 
constructed solely for precision strip steel processing. 


These integrated production facilities make it possible to assure 


the development of the microstructure required for critical 
applications. 


WA For your convenience, precision strip facilities 
are available to you in our plants at Youngstown, 
Indianapolis, Los Angeles and Kenilworth (N. J.) 


The smal! unit rotary annealing method assures precision 
temperature contro! and develops optimum hardness and 
microstructure for strip steels. 


STRIP 


LOW CARBON + HIGH CARBON + ALLOY + STAINLESS 
TEMPERED SPRING STEEL + ZINC AND COPPER COATED 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION *» Youngstown 1, Ohio 
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Specially fitted Instron acts as wire-drawing machine to evaluate lubrication performance 


HOW THE INSTRON COMES THROUGH IN THE STRETCH... as a metal forming machine 


The versatile Instron Testing Instrument was recently asked for a new answer to an old 
problem in the field of metal forming — finding a better, more precise way of evaluating 
lubricants without recourse to expensive, time-consuming ‘“‘cut-and-try”’ production runs. 

The solution: an Instron tester was specially fitted with wire-forming dies — thus 
transforming it into an actual metal forming machine capable of making highly accurate 
measurments of the performance of each lubricant tested in terms of finish and foot- 
pounds of work required under production conditions. 

This is just one more example of what we mean when we say “you can do more with 
an Instron”. 

(If you’re interested in the particular test mentioned above, just ask for Bulletin X-7. 

If you have other problems in mind, chances are we have something that will interest you. 
Among the articles on advanced testing techniques that are yours for the asking: testing 
tungsten at high temperature . . . stress-strain properties of textile fibres . . . physical 
properties of plastics and elastomers . . . characterization of pressure-sensitive adhesives. 
Let us know your field of interest.) 


The unusual versatility of this fine testing instrument is greatly extended 
ENGINEERING CORPORATION by Instron’s complete range of special accessories which can be added 


as you need them. They include: digital p it * cond 
2507 WASHINGTON STREET. CANTON, MASS. 


cab- 
inets » XY recorder for extensometers * quick-change crosshead speed 
EUROPEAN OFFICE: SEEFELOSTRASSE 45, ZURICH, SWITZERLAND selector + capillary rheometer + high temperature equipment. 


METAL PROGRESS 


j 
te 4 
i 
’ 
ak 
| 
4 
: 
J 
— 


...where a little heat generates a lot of light! we're in 
Cambridge, Ohio, at VCA’s modern Research Center and Pilot Plant. Here is where 
answers are found to all manner of questions about ferroalloys and their use. 


Although the Pilot Plant is only one part of VCA’s Research Center, its function is most important 
to our customers. For here melting equipment of all kinds helps develop new VCA processes and 
products, in addition to solving direct customer problems. Each year “hundreds of heats” are melted 
without thought of selling price or profit. 


This special service is just another season why, “There's more in the Vancoram Green Drum than 
you can ever see!” Let these and other special services go to work for you. Call or write your nearest 
VCA office. Vanadium Corporation of America, 420 Lexington Avenue, New York 17, N. Y. + Chicago 
Cleveland + Detroit + Pittsburgh 


CORPORATION OF AMERICA 


Producers of alloys, metals and chemicais 


DECEMBER 1959 


“tae 
eport | | 
| 
VANADIUM 
207 


Physical tests at Standard in- 
clude those for special proper- 
ties of steel alloys under extreme 
variations in temperature. 
Here, the strength and ductil- 
ity of steel are being checked . 
for resistance to stress under 
severe conditions of elevated 
temperatures over a prolonged 
period of time. 


Charpy impact and transition 
temperature determinations 
have recently assumed import- 
ance in many applications. Here 
a steel sample is immersed in 
liquid nitrogen to determine its 
susceptibility to fracture at tem- 
peratures as low as —300°F. 


Quality control—a vital activity at 
Standard Steel Works 


Every conceivable shop and laboratory test required for modern 
quality control can be performed by Standard’s staff of metal- 
lurgical technicians. Testing of incoming raw materials; physical 
property tests of steel and other alloys at temperatures from 
several hundred degrees below zero up to red heat; gas analysis, 
ultrasonic, X ray, magnetic particle, fluorescent penetrant and 
microscopic examination of finished products are routine checks 
which assure that the finished, delivered product will meet the 
most rigid specifications. Write Department 3-L for full details. 


Standard Steel Works Division (yx 
BALDWIN LIMA: HAMILTON 


BURNHAM, PENNSYLVANIA Rings Shafts Car wheels Gear blanks Flanges Special shapes 
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Making High Quality Steel—At Low Cost 


The growing demand for steels of increasingly higher 
quality has created a new kind of thinking. With conven- 
tional methods of obtaining both high quality and quan- 
tity being relatively slow, costly and often uncertain, 
more and more mills are turning to the modern Heroult 
Electric Furnace as the most reliable and economical 
means of making high-grade steel in large heats. 

To keep abreast of this trend, Sharon Steel Corpora- 
tion recently built a complete new Melt Shop at its 
Roemer Works in Farrel, Pennsylvania, and installed the 
large Heroult Electric Furnace shown above. 

This 20’ diameter furnace turns out 90-ton heats of top- 
quality stainless in less than 8 hours. Space has been pro- 
vided for a second Heroult when it is needed. 

Moreover, electric furnaces are proving to be more ef- 
ficient and economical in producing most any grade of 
steel in large or small heats. This is because electric fur- 
nace operations require a smaller investment, usually re- 
duce both power and charging costs and produce a more 
uniform product. 

American Bridge, exclusive manufacturers of the 


Heroult Electric Furnace, offers a complete electric fur- 
nace service. We have the facilities to handle the com- 
plete job—from foundation to furnace, from engineering 
to erecting. We are also prepared to modernize your old 
Heroult by installing improved new mechanisms that 
will increase the efficiency and productivity of your unit. 
And, if you own a Heroult, we can supply any needed re- 
placement parts. 

For more information, get in touch with the office 
nearest you. USS and Heroult are registered trademarks 


American Bridge 
Division of 
United States Steel 


General Offices: 525 William Penn Place, Pittsburgh, Pa. 
Contracting Offices in: Ambridge « Atlanta + Baltimore + Birmingham + Boston + Chicago 
Cincinnati + Cleveland + Dallas - Denver + Detroit + Elmira + Gary + Harrisburg, Pa. 
Houston + Los Angeles + Memphis + Minneapolis + New York + Orange, Texas 
Philadelphia + Pittsburgh + Portland, Ore. Roanoke + St. Louis San Francisco + Trenton 
United States Steel Export Company, New York 
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_ARMCO uses: North American 
Dual-Fuel Suree 


Four new Salem-Brosius slab heaters in Armco Steel 
Corporation's Middletown Works Hot Strip Mill are 
fired with North American Series 6819 Burners with 
internal mixing oil atomizers and Sensitrol Valves. 
Air is preheated to 700 F. Fuel is natural gas or “6 oil. 


The top bank of each furnace has eight 10” burners 
and two 8” burners firing in the direction of work 
travel; bottom bank has five 10” burners and two 8” 
burners firing in the opposite direction. Each 10” 
burner releases 5,200,000 Btu/hr with 700F air at 
2” we; each 8” burner releases 3,600,000 Btu/hr. 


Furnaces are 27’ wide x 34’ long inside, and are 
designed for 125 tons of hot slabs per hour. 


You Should Too: 


1. Low maintenance—quality alloy and refractory 
materials—metal parts not exposed to furnace 
radiation—designed for 1200 F preheated air. 


2. Easy accessibility—quick disconnect atomizer— 
all parts removable from back. 


3. Retractable oil atomizer—can be pulled back 
quickly and easily for gas firing. 


4. Gas and air openings proportional for all sizes; 
so a variety of burner sizes can be used on the 
same manifold. 


5. Long or short flame models available. 
6. Internal or external mixing atomizers available. 


7. Low first cost—plus North American's reputation 
for good service—in engineering and on the job site. 
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Amazing new steels. Vacuum-purified steels that ap- 
proach theoretical limits of strength and temperature 
resistance. And a promise of newer, even stronger 
steels. 

With this huge CEC consumable electrode fur- 
nace, Vanadium-Alloys can produce ultra-pure in- 
gots up to 2 feet in diameter. Today’s highest 
vacuum—.0000068 atmospheres—keeps contami- 
nants out. And it’s all done with pushbutton elec- 
tronic controls! 


... inside Vanadium-Alloys’ new CEC furnace? 


There’s a complete line of CEC arc furnaces to 
meet your vacuum melting needs, from laboratory 
to volume production. 

WRITE for Bulletin 4-25. 


Consolidated Vacuum Corporation 


ROCHESTER 3, NEW YORK 
A SUBSIDIARY OF CONSOLIDATED ELECTRODYNAMICS CORPORATION aU IGE 


(FORMERLY ROCHESTER 
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STAMPING, 
6 OPERATIONS: 


1. Blanked and pierced 4. Reamed = 
2. Formed 5. Drilled again 
3. Drilled 6. Tapped 


CASTING 


Cuts Costs 63% 


© The parts shown here are dial bridges 
used in telephones made by Stromberg-Carlson 
at Rochester, New York. Originally made as 


brass stampings, production and assembly 
required 6 operations. Redesigning the dial 


bridges for die casting in zinc reduced the 
number of operations in half. The switch to zinc 
base die castings cut production and assembly 
costs 63%. In fact, cost figures indicated that 

the savings on the first 24,000 components 
would pay fo ‘he needed retooling necessary 
to convert to die casting. Comparable savings 


ZINC DIE CASTING, 


have been achieved by utilizing the die casting 3 OPERATIONS: 
process for other methods of manufacture. . aa 


© This case history again proves that 3. Holes are tapped 
zinc plus die casting is one of the fastest and 
most practical low-cost production tools available 
to the country’s metal-working industries. 


DIE CASTING is the Process...ZINC, the Metal 
--- BUNKER HILL, the Preferred Zinc 


BUNKER HILL 99.99+% ZINC 


EASTERN SALES AGENTS ST. JOSEPH LEAD COMPANY, 250 PARK AVENUE, NEW YORK 17 
SALES OFFICE FOR PACIFIC COAST THE BUNKER HILL CO., 660 MARKET ST., SAN FRANCISCO 
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Inserts match thermocouple alloy 

Inserts easily interchangeable 

Color coded discs for easy calibration 
identification 

Number discs for easy identification of 
individual T/C's 


QuiK-Konnect* thermocouple components 


For accurate, swift, and foolproof connection 
of thermocouples to extension wire 


New QuiK-Konnect plug and jack bodies give 
fast, easy, and foolproof extension wire connec- 
tions in plant, laboratory or test cell 
installations. 

Inserts have different diameter positive and 
negative poles, for foolproof connection . . . are 
extremely easy to remove for field calibration 
change or replacement. Various tube adapters 
are available to protect small-diameter thermo- 
couples, and cable clamps can be supplied to 
protect extension wires from fraying or tearing. 


The QuiK-Konnect line, in addition to plugs 
and jacks, includes: 


*Trademarks 
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1. Single-jack panel that fits 34-in. knockout. 


2. 4-point jack panel that fits standard 
electrical outlet box. 


3. Multiple jack strips. 
4. Custom-built multiple jack panels. 


5. QuiK-Kords* for patch programming mul- 
tiple jack panels. 


You can get complete details from your nearby 
Honeywell field engineer. Call him today... 
he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, 21 Penn St., Fall 
River, Mass. 


Honeywell 
Fists Control 
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CARBON 
MONOXIDE 


CARBOFRAX 
SILICON CARBIDE 
LINING 


MOLTEN 
ZINC 


COOLING WELL 


A major producer of high purity zinc reduces zinc ore by an 
electro-thermic process. Sintered ore and coke, heated in a 
resistance furnace to approximately 1700° F, produce vapor- 
ized zinc and carbon monoxide. Collected in a vapor ring, 
these gases pass into a condenser containing a large amount 
of molten zinc. Here, the vaporized metal is condensed and 
the carbon monoxide exhausted. 

Refractory linings for the vapor ring, condenser and tap- 
ping well must not only possess high hot strength, but also 
withstand the intensely corrosive action of the molten and 
vaporized metal. They must also be impermeable to gas 
seepage. In addition, high thermal conductivity is required, 
since huge amounts of heat must be dissipated to obtain 
rapid cooling of the zinc vapor. 

This tough combination of requirements is met by one of 
Carborundum’s refractories—CARBOFRAX® silicone carbide. 
It has exceptional load bearing strength at high temperatures 


ZINC VAPOR 
AND CO GAS 


Refractory resists corrosive 
vaporized zinc... helps dissipate 
1700'F heat...yet retains 
high structural strength 


CARBORUNDUM 


Registered Trade Mark 


FURNACE 
CHARGE 

7 EATED TO 
CONDENSER '7O0°F 


(300 psi at 2750° F without crushing) and almost complete 
impermeability to gases. CARBOFRAX refractories are also 
chemically inert—resist most acids, acid sludges and fluxes, 
and molten and vaporized zinc. Moreover, thermal conduc- 
tivity is high—11 times greater than fireclay. 

Properties such as these may be the answer to a problem 
in your plant. If even the best of standard materials fail to 
give the performance you need, consider Carborundum’s 
refractories. There is a wide range of products to meet the 
requirements of almost every type of application. 


acre 


Write today for your free copy of 
“Super Refractories by Carborundum.” 
The address: Dept. M-129, Refracto- 
ries Div., Perth Amboy, New Jersey. 
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News about COATINGS FOR METALS 


from Metal & Thermit Corporation 


There are three requisites to increasing corro- 
sion protection from chromium plating. (1) The 
deposit must be sufficiently thick. (2) There 
should be a crack-free chromium base topped by 
a special, finely cracked chromium deposit. 
(3) The plate should be more uniformly distrib- 
uted over the part, so that recessed areas, too, 
are assured at least 0.03 mils minimum chromium 
thickness. 

All of these requirements are easily met 
through UNICHROME SRHS® CHROMIUM plating 
processes. Work done for the automotive indus- 
try, long plagued by corrosion of brightwork in 
outdoors exposure, provides a good case in point. 


AN ANSWER TO OUTDOOR CORROSION 


Note the results in the chart at right. In all 
cases, the thickness of undercoats was kept con- 
stant. Only the chromium plate was varied... 
from ordinary to “Duplex”, and progressively 
thicker. M&T “Duplex Chromium” calls for first 
using Unichrome Crack-Free Chromium and its 
ability to throw into recesses and give a more 
uniform and fracture-free plate. This is followed 
by another deposit of Unichrome srRHs Chro- 
mium, with its controlled cracking. With increas- 


Despite severe service conditions, automotive brightwork can 
stay bright now, due to the additional corrosion protection 
that M&T “Duplex Chromium” provides. 


How to get the optimum protection 
of bright chromium plating 


i \ 
Chromium” Chromium” 
L chromium 


Zinc die cast specimens, all plated with 0.75 mil copper and 
0.75 mil nickel prior to chromium lasted as shown above in the 
severe CASS test (Copper accelerated acetic acid salt spray). 
Ordinary chromium fared poorly. Optimum protection was 
approached by using Crack-Free Chromium and increasing 
the deposit thickness. 


ing thickness, the protection increased tremen- 
dously. Durability as determined by rigorous, 
accelerated corrosion testing techniques was 
multiplied as much as 20 times. 


WIDELY USEFUL FINISH 


While the above case concerns itself specifically 
with an automotive problem, it indicates what 
thicker chromium in general, and crack-free 
chromium in particular can do for other design 
problems involving corrosion and wear. This 
plate blocks infiltration of corrosives to under- 
lying metal. 

Technical Papers giving full details on the 
advantages of thicker chromium deposits are 
available for the asking. Write METAL & THERMIT 
CORPORATION, Rarway, New Jersey. 


METAL & THERMIT 
CORPORATION 


. 

CASS TEST HOURS 
Corrosion resistance of rine bese die casting in CASS test 

A 
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Processing belts must withstand destructive forces that ordinary conveying belts never encounter. 


When processing is your problem. . . specify 
Wissco Woven Wire Belts 


There are two general categories of belts. First, belts 3. Wissco Belts are pretested, including furnace testing if re- 
that merely convey products from one place to another quired, without cost to you. You know your Wissco Belt has 
under normal conditions. Second, belts that are an operated correctly before you get it. 

integral part of a process—where conditions exist such You also get these Wissco services: belts washed and 
as heating, sudden cooling, corrosion, abrasion, or circu- degreased before shipment, then shipped on a reel (no 
lation of gases or liquids. For ordinary conveying, many charge for the reel). A Wissco reel, often replacing 


types of belts will fill the bill. But for processing, just several packing crates, saves you freight and handling , 
any belt won’t do—a woven wire belt is the best answer. charges, and makes installation quicker and easier. 

Here’s why Wissco Woven Wire Belts meet your pro- Your Wissco Belt engineer is always available to help 

cessing requirements: with your belt installation or operating problems. Con- 4 


tact the CFalI office nearest you today. 
1. Wissco Belts have an open mesh—permitting free circulation 


or drainage of air, liquid or gases. Corrosive liquids do not 
stay on the belt. And the open mesh allows rapid and effi- 


cient heating or cooling of the product conveyed. WIS s Cc Oo BELTS 


THE COLORADO FUEL AND IRON CORPORATION STEEL 


. Wi —plain, ti vani 

2. Wissco Belts are made of steel—-plain, tinned, galvanized, |. awe COLORADO FUEL AND IRON CORPORA Pie 
stainless or special alloy—to meet temperature extremes, In the Eost: WICKWIRE SPENCER STEEL DIVISION—Atlonta + Boston + Buffalo 

corrosive or abrasive coriditions, or operational wear. Chicago - Detroit - New Orleans - New York + Philadelphia 7088 
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Printed by permission of copyright owner W. W. Welch Manufacturing Company, Chicago 10, IMlinois 


Yes, accent on extremely close tolerances, but General Plate zircaloy 
and hafnium mill products are more than precision metals . . . they are 
also more efficient and less expensive products. The reason ... Metals & 
Controls’ work with new and unusual metals has led to the development 
of improved processing techniques for obtaining precise, efficient reactor 
metal forms. 

Precision tolerances are a specialty at M & C. Tolerances on camber, 
cross bow, and longitudinal bow are held according to specifications. Pre- 
cision measuring devices (electrical cross bow tester, granite surface 
plate, ultrasonic and radiographic testers) assure the closest control of 
quality. 

Zircaloy II and III sheet, strip, foil, wire, rod, and seamless tubing are 
fabricated in solid, clad or alloy form. Patented solid-phase bonding 
techniques are used to clad invar and stainless steel with zircaloy. 

Hafnium is supplied in sheet, strip and foil form, solid or as an alloy. 
The complete fabrication process from crystal bar to finished plate is per- 
formed in clean areas where the material is free from contamination from 
fissionable materials. 

For more information or technical assistance on mill products of solid 
reactor metals, or on clad metal combinations for special applications, 
request our new bulletin, “General Plate Reactor Metals,” or write di- 
rectly to Product Manager, Reactor Metals at: 


METALS & CONTROLS 


312 FOREST STREET. ATTLEBORO, MASS., U.S.A. 
A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 
Truflex@® Thermostat Metal + Platinum Metals + Reactor Metals + Radio Tube & Transistor Metals 
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General Plate Zircaloy and Hafnium 
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Bristol Millivoltmeter Py- 
rometers—Free Vane* py- 
rometer controllers 
(shown) or indicating 
types. Many control 
modes available. 


Dynamaster Electronic Potentiometer Pyrometer — Round- 
chart modei records on 12” chart, indicates on extra large 
scale. 


MODERN PYROMETERS...key to profitable use of HEAT 


Bristol recording and automatic controlling pyrometers for temperatures up to 
5000° F can help you increase product uniformity, cut fuel and maintenance costs 


Bristol makes a wide range of pyrometers for every require- 
ment: Electronic potentiometers, millivoltmeter and radia- 
tion types .. . for furnaces, ovens . . . every type of heating 
equipment, every kind of fuel. The reliability and accuracy 
of these precision instruments have been proved in thousands 
of installations. 

Take just one advanced Bristol instrument, for example, 
the Electronic Dynamaster* Potentiometer Pyrometer: 


CONTINUOUS STANDARDIZATION PLUS 
ACCURACY OF STANDARD CELL 


Continuous standardization in Dynamaster Electronic 
Pyrometers requires no dry-cells, but still retains the pre- 
cision standard cell for highest stability and accuracy of 
voltage reference. Results: No interruption to operation, no 
batteries to change. And here are just a few of the Dyna- 
master types available: 


A model for every requirement: Dynamaster Pyrometers 
are available as single-pen, two-pen, and multiple-record (up 
to 24 points) strip-chart instruments and as round-chart 
instruments. 


Electric and pneumatic controllers: Both strip- and 
round-chart instruments are made in a very wide variety of 
controllers that meet every furnace and oven contro. require- 
ment, including the following in a great many forms: 


Electric Control—on-off, proportional input, 3-position, pro- 
portioning, proportional with automatic reset, and time- 
program. 


Pneumatic Control—on-off, proportional, and proportional 
with reset. 


Miniature Dynamaster Pyrometer: Full plug-in flexibility 
... takes only 5” x 5%” of panel space, but has same basic 
accuracy, same time-tested operating principle as full-size 
Dynamaster pyrometers described above. Ideal for graphic 
panels and centralized recording or indicating of large num- 
bers of variables. Either electrical or pneumatic control 
types available. 

Write for complete data on Bristol Pyrometers—and re- 
member Bristol offers a complete line of thermocouples and 
pyrometer accessories. The Bristol Company, 106 Bristol 
Road, Waterbury 20, Conn. *T.M. Reg.U.S.Pat.Of. 9-9 


&& fe | L ...for Improved production through measurement and control 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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Superex is easily combined with other insulations such as Johns-Manville 
Thermobestos®, J-M 85% Magnesia or J-M Insulating Fire Brick, 


Only Johns-Manville Superex insulation 
performs 3 ways better at high temperature! 


Few industrial products are so outstand- 
ingly superior, or so widely used in their 
area of application, as Johns-Manville 
Superex® Insulation. 

A block insulation formulated of diato- 
maceous silica and asbestos for furnace 
and other applications, Johns-Manville 
Superex brings many advantages to high- 
temperature service—each contributing 
to reduced construction, maintenance 
and operating costs. 

Superex is installed with measurable 
gavings in time and labor! It is easy to 
cut and handle . . . weighs only 2 lbs. per 
sq. ft. per inch thickness . . . available in 


a wide variety of large block shapes and 
sizes. At high temperature—the mate- 
rial’s excellent insulating value, thermal 
stability and resistance to shrinkage keep 
fuel costs low. Equally important—Su- 
perex saves on maintenance, too... 
easily withstands the daily abuse of nor- 
mal service. 


Send for your copy of IN-190A, the 
12-page design and technical data bro- 
chure. It lists suggested applications— 
gives complete heat transmission tables 
and performance data. Write for it today. 
Address Johns-Manville, Box 14, N.Y. 
16, N.Y. In Canada, Port Credit, Ont. 


Saves waste. Superex comes in 7 
standard thicknesses from 1” to 4”’. 
Other sizes available on order. 


JOHNS-MANVILLE JM 
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PRECISION WELDMENTS 


The 16-Ton Weldment above, undergoing machining operations, is one 
of several components of a radar antenna's base mechanism. This piece 
is typical of thousands of Steel-Weld Fabricated parts and assemblies 
produced and machined to specification by Mahon for defense con- 
tractors, manufacturers of processing machinery, machine tools, and 
other types of heavy mechanical equipment. 

When your design calls for weldments of any kind, you, too, will 
want to discuss your requirements with Mahon engineers; because, in 
the Mahon Company you will find a unique source for weldments or 
welded steel in any form... a fully responsible source with a long and 
enviable performance record, and unusual facilities for design engi- 
neering, fabricating, machining and assembling. 


See Sweet’s Product Design File for information on Facilities, or have a 
Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY e¢ Detroit 34, Michigan 


SALES- ENGINEERING OFFICES in DETROIT, NEW YORK, CHICAGO, LOS ANGELES and SAN FRANCISCO 
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“Dew-Carb” Controller 


atmosphere carbon 


ENDOTHERMIC GAS 
> 


ENDOTHERMIC GENERATOR 


Provides instantaneous 
response to sudden 
change of dew point 
of furnace atmosphere. 


Assures precise meas- 
of in 


minus 5° to plus 60° F. 
dew point. 


Hevi-Duty’s new “Dew-Carb” Con- 
troller operates on a wet-dry bulb prin- 
ciple, measuring precisely the dew point 
in controlled atmosphere for furnace 
processing — bright carbon 
restoration, carburizing . . . controlling of 
surface carbon concentration and depth 
characteristics. No chemicals, such as 
lithium chloride, are required in this 
system. 

Hevi-Duty’s “Dew-Carb” Controller 
can be utilized in three types of furnace 
applications: 

1. To monitor endothermic generator 
gas, or the gas within the furnace. 

2. To measure dew point and instan- 
taneously regulate the carbon in endo- 
thermic atmosphere. Instrument can be 


adapted to either generator or furnace 
...can be used with one generator sup- 
plying endothermic gas to several fur- 
naces...gas for each furnace can be 
separately measured. 

3. For batch type, enclosed quench 
furnace applications, such as the 
Hevi-Duty ‘“Clean-Line” furnace, an 
automatic system restores atmosphere 
equilibrium immediately after loading of 
the furnace, and restarts automatically 
when load reaches proper temperature. 


For more information on the new “‘Dew-Carb” 
Controller, write, or call Hevi-Duty today. 


A DIVISION OF BASIC PRODUCTS CORPORATION 


HEVI-DUTY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN 
Industrial Furnaces and Ovens, Electric and Fuel * Laboratory Furnaces * Dry Type Transformers * Constant Current Regulators 
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Now you can cut pressure vessel weight 


The use of 299 tons of USS “T-1" Steel in these two Hortonspheres saved 216 tons of carbon steel and 42% in ship- 
ping costs. Designed and erected by Chicago Bridge & Iron Company for storing propane gas in Venezuela. These 
tanks were designed to the old code limits, but under the new code limits they could have been made up to 9.5% lighter. 


even more with Steel 


Revisions in case 1204-4 of the ASME Code for boilers and pressure vessels 
increase maximum allowable stress value to 28,750 psi for ‘“T-1”’ Steel. This 
permits further reductions in weight up to 9.5%. 


The new figure of 28,750 psi represents an increase of 9.5% over the previous maxi- 
mum allowable stress value of 26,250 psi which applied to USS “*T-1”’ Constructional 
Alloy Steel used in pressure vessels. This means that USS ‘“T-1”’ Steel can be used to 
reduce weight even more than it did before in stationary vessels or truck tanks. 

The steel frequently used in welded, unfired pressure vessels is ASTM A-285-Grade C. 
This steel can be used with a maximum allowable design stress of 13,750 psi. From this, 
you can see that the allowable stress for ““T-1” Steel is 2.1 times greater. To put it 
another way, plates of ““T-1” Steel in a pressure vessel need be only half the thickness 
of A-285-C plates to withstand the same stress. 


15% overall savings possible with ‘‘T-1’’ Steel 


USS “‘T-1” Steel permits a 50% reduction in the amount of steel used in the vessel; 
this results in large savings in the cost of structural supports and foundations, welding, 
freight, handling costs and the elimination of stress relieving costs. 


Use of “T-1" 
both A-285-C steel and Fabrication cost................. +io0daiuaenabssbapacecn 
T-1” revealed the fol- Amount welding wire... saved 60% 
lowing cost analysis: 15% cheaper overall 


These savings, plus USS ““T-1’’ Steel’s unique combination of toughness at low tem- 
peratures, high strength at elevated temperatures, and weldability, offer the pressure 
vessel designer the only material of this high-strength level possessing all the qualities 
so important in the pressure vessel field. For more information, write United States 
Steel, 525 William Penn Place, Pittsburgh 30, Pa. 


USS and “T-1" are registered trademarks 


United States Stee! Corporation — 
Columbia-Geneva Stee! — San Francisco 

National Tube Division — Pittsburgh 

Tennessee Coal & iron — Fairfield, Alabama 

United States Stee! Supply — Stee! Service Centers 
United States Stee! Export Company 


United States Steel 
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forated steel trays for maximum productivity. 


1. Green compacts are closely grouped on per- 


2. Loaded tray is pushed through gas flame curtain 


TEMPERATURES, ATMOSPHERES TIGHTLY 


Serving a large Eastern metal fabricator, this Harper Box 
Furnace sinters a variety of precision parts compacted from 
iron, iron graphite, 4600 series steel and brass powders. As 
the compacts move through the furnace’s pre-heat, high 
temperature and cooling chambers, both temperature and 
atmosphere are controlled to insure precision work in 
numerous ways: 

In the pre-heat (or burn-off) chamber, nickel-chromium 
elements provide temperatures up to 1500° F. An Inconel 
muffle retains protective atmosphere and prevents volatiles 
from collecting on the heating elements to cause short cir- 
cuiting, muffling, grounding or chemical corrosion. Vola- 
tiles burned off at the top outlet are discharged through a 
vent pipe, while carbon and zinc oxide ash are readily 
brushed from the muffle. 

After being pushed into the high temperature chamber, 
the parts can be processed at temperatures up to 2400° F. 
With the chamber’s pneumatically-operated refractory doors 
acting as radiation screens, silicon carbide heating elements 
are arranged above and below the work to maintain the 
temperature desired within +5° F throughout 32” of the 
36” chamber length. Made of silicon carbide, the hearth 
plate retains its flatness under high temperatures. 


From the high temperature chamber, the parts enter the 
water-jacketed cooling chamber. Automatic control of water 
flow assists in regulating work temperature and prevents 
condensation within the liner during idle periods. From start 
to finish in this sintering operation, Harper furnace features 
insure success. 


When it comes to a sintering or brazing furnace of any 
type — box, pusher, mesh belt, roller hearth, bell, elevator 
or pit — you'll find it pays to put it up to Harper — for 
Harper has the experience to both recommend and build 
the furnace that’s best suited to your needs (with either gas 
or electricity or both as the source of heat). For more infor- 
mation, write: Harper Electric Furnace Corp., 40 River St., 


ELECTRIC AND 


HARPER GAS FURNAGES 


FOR BRAZING, SINTERING, WIRE ANNEALING, BRIGHT ANNEALING, FORGING AND RESEARCH 


3. Trayload of sintered parts is drawn from cooling 
of open charging door into pre-heat chamber. chamber through gas flame curtain of discharge door. 


é 
Buffalo 2, N. Y. 


How to 
reduce 


furnace LUMNITE cement. Furnace temperature 1800°F. Badall Engineering & Manufacturing Co., Hammond, 


Vertical pit-type carburizing furnace (9’ x 24’) lined with a refractory insulating castable made with 


ind. Castable used: ‘‘Kast-O-Lite,”” product of A. P. Green Fire Brick Co., Mexico, Mo. 


heat loss 


Refractory insulating concrete, made with LUMNITE calcium-alum nate cement, 
is being specified for linings in many types of industrial furnaces. It helps 

trim fuel costs by reducing heat loss and increasing heat storage. This helps 
shorten heating-cooling cycles and provides closer temperature control. 

In addition, the smooth, jointless concrete surface reduces air infiltration. 


Construction with refractory concrete is fast, easy, economical. Linings can be 
cast in place, troweled or “gunited.” Service strength is reached in 24 hours. 


For convenience, manufacturers of refractories offer castables bonded with 
LUMNITE cement — packaged mixtures ready for use with just the addition of water. 
For more information, write Universal Atlas Cement, 

100 Park Avenue, New York 17, N. Y. 


“USS.” “Atlas” and Lumnite” are registered trademarks L-193 


Universal Atlas Cement 
Division of 
United States Steel 


OFFICES: Albany «Birmingham Boston + Chicago* Dayton+ Kansas Citys Milwaukee *Minneapolis*New Yorks Philadelphias Pittsburgh+St. Louis» Waco 
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The article on “What's New in Tungsten Research” (p. 71) is based 
-on a special conference held at Duke University and covered for 
Metal Progress by W. W. Austin. Bill Austin became interested in 
teaching as a career while a graduate student at Vanderbilt Univer- 
sity. Although he turned to industry, he still followed this interest 


NIAGARA SECTIONAL as a sideline, teaching on-the-job training courses in aircraft mate- 


rials at Convair during World War II and serving as a member of 


Aero HEAT EXCHANGER _ the extension faculty of the University of Alabama while on the staff 


° of the Southern Research Institute. In 1952, however, he finally 

gives close temperature yielded to his yen for teaching and joined the North Carolina State 

control, saves you College faculty where in 1954 he initiated an undergraduate and 

raduate program in metallurgical engineering. A professor of 


metallurgical engineering, Dr. Austin also heads the department of 
mineral industries. 


Dr. Austin’s family consists of a wife and four youngsters ranging 
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in collecting old houses (photographically, that is), sour mash 
bourbon and indoor bird watching. He has another seasonal 
“hobby”: sleeping in the sunshine — sometimes called “gardening”. 


The article on p. 119 discussing B 120 VCA, an age hardening ti- 
tanium alloy, is the cumulative effort of three metallurgists at 
Crucible Steel Co. of America — Vincent C. Petersen, Milton Vordahl 
and Howard B. Bomberger (shown in that order in the photo 


above). Mr. Bomberger is supervisor of the fundamental research 
section of Crucible’s Midland Research Laboratory, with special 
interests along the lines of corrosion and titanium metallurgy. His 
background includes work for the Wright Aeronautical Corp. and 
Buckeye Steel Casting Co. Since 1947 Mr. Vordahl has worked on 
titanium research first for Rem-Cru Titanium, Inc., and then for 
Crucible. At the present time he is chief research metallurgist at 
Midland. The most recent addition of the three is Mr. Petersen who 
joined Crucible in 1955 after seven years working on physical metal- 
lurgy of titanium for the U. S. Bureau of Mines and is now a research 
metallurgist in charge of the metallography group. 

Our three authors share one common outside interest — all are 
members of A.S.M. Besides his technica] interests, Mr. Bomberger 
is president of the local P.T.A. and enjoys reading, gardening, travel- 
ing and photography. Another gardening enthusiast is Milton 
Vordahl (though he claims his interest is limited to “edibles” ); golf, 
minor construction and travel take up the remainder of his spare 
hours. When Vincent Petersen isn’t hiking with his three children, 
he may be found at his other favorite activities: playing bridge and 
studying the very inexact science of finance. 


R. J. Morris was introduced to metallurgy through a summer job 
on the hot strip mill at Granite City Steel Co. After graduating from 
the Missouri School of Mines, he worked for General Motors Corp. 
and P. R. Mallory Co. (both in Indianapolis) before returning to 
his studies at the graduate school of the University of Cincinnati. 
In 1955 he joined the flight propulsion laboratory department of 
General Electric and during the past four years has worked on 
investment cast alloys for buckets and high-strength, high-tempera- 
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Behind the Bylines . 


ture wrought nickel-base alloys such as René 41 (see his authori- 
tative article on p. 67.) He recently moved into advanced rocket noz- 
zle materials development as manager of the rocket engine section. 


L. J. Hull is well qualified 
to write an article about 
A-286 (p. 76), a fast growing 
superalloy, since he is super- 
visor of the metallurgy group 
at Ryan Aeronautical Co. To 
familiarize engineers, quality 
control men and others with 
the 60 to 70 different metals 
and alloys in production at 
Ryan, Mr. Hull is conducting 
in-plant training courses on 
aircraft metals (the photo 
| shows him in action). Apart 
[! | from this engrossing sideline, 


Mr. Hull takes advantage of 
the Southern California sun for 


hiking and photography. 


George W. Wardwell, chief 
metallurgist for Rolock, Inc., 
is shown in the picture at the 
right examining one of the 
trays he discusses in his article 
on designing trays for roller 
hearth furnaces on p. 81. Al- 
though Mr. Wardwell does 
his share in community proj- 
ects, his main interests lie at 
home, not unnaturally since 
it is located on a beautiful 
lake with swimming, boating 
and skating at his doorstep. 
He and his wife have toured 
the United States by auto and 
are now planning an exten- 


sive trip through Europe. 


The three metallurgists pictured on the next page examining a 
test vessel are V. W. Cooke, C. E. Spaeth and J. E. Coyne, authors, 
together with M. E. Shank, of the two-part article on “Solid-Fuel 
Rocket Chambers for Operation at 240,000 Psi. and Above”, con- 
cluded on p. 84 of this issue. Messrs. Cooke, Spaeth and Coyne are 
all with Pratt & Whitney Aircraft (where this photo was taken) 
while Dr. Shank is an associate professor of mechanical engineering 
at Massachusetts Institute of Technology and a consultant to Pratt 
& Whitney. Mr. Cooke is general supervisor of metallurgy in the 
matezials development laboratory. Mr. Coyne is a project metal- 
lurgist in the laboratory and Mr. Spaeth is a senior design engineer. 
The other member of this team, M. E. Shank, has been on the faculty 
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of M.L.T. since he completed 
his doctorate degree there in 
1949 and is in charge of under- 
graduate courses on the me- 
chanical behavior of metals. 
His particular interest lies in 
the area of fracture, especially 
the phenomenon of brittle 
fracture in steels. 

When not occupied with 
metallurgical matters, Dr. 
Shank likes to work on and 
around his home, overlooking 
Fairhaven Bay on the Sud- 
bury River, a favorite fishing 
haunt of Thoreau. 


A total of more than 30 
years experience in metallog- 
raphy and metallurgy went 
into the article on sodium bi- 
sulphite as an etchant for 
steel by J. R. Vilella (right) 
and W. F. Kindle (below) on 
p. 99. Mr. Vilella has spent 
the past 30 years and more in 
metallurgy with Union Car- 
bide and U.S. Steel. Author 
of many papers on metallog- 


raphy, he also delivered the 
1951 Howe Memorial Lec- 
ture for the A.S.M. Mr. 
Kindle was Mr. Vilella’s assist- 
ant for four years in metal- 
lography work and spent sev- 
eral weeks at the Bausch and 
Lomb plant in Rochester 
studying the optical and me- 
chanical construction of vari- 
ous types of microscopes. 

When it comes to non- 
technical interests, Mr. Vilella 
prefers photography and bird 


watching, while Mr. Kindle goes in for bowling and “gardening”. 

The second article in the New Techniques for Etching section 
on p. 101 is by W. N. Posey who has been in charge of metallography 
and mechanical testing at the pile materials division of Du Pont’s 
Savannah River Laboratory for the past three years. This article 
on etching uranium for bright-field examination evolved from a 
study of bond zone of fuel-clad elements. 

Although he has three young sons to keep him more than busy, he 
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still finds time for golf and work in the Boy Scouts and Civil Defense. 


STRAITS 


TIN 
REPORT 


New developments in 
the production, mar- 
keting and uses of tin 


A giant 66-gal. tin can is be- 
ing successfully used to pack and ship 
fruit and vegetable concentrates. It 
might even replace the conventional 
No. 10 size tin can which has for so 
long supplied the food remanufactur- 
ing market. Lining is of electrolytic tin 
plating. A special centrifugal spray 
process permits application of enamel 
over the tin-plate. 


Corrosive attack under severe 
atmospheric conditions is a serious 
problem now solved by two tin alloy 
coatings. A 75 tin-25 zinc coating has 
been used with considerable success 
on hydraulic brake parts and landing 
gear equipment. 25 tin-75 cadmium 
coated on reciprocating engine parts 
overcomes low corrosion resistance of 
normal steels. 


Organotin compounds, such 
as dibutyl tin dilaurate, are added as 
stabilizers to vinyl plastic sheet to 
make it heat- and light-resistant when 
used as windows. 


Atin-plate printing machine 
handling 4-color work is reported by 
a British firm. It will inexpensively 
print full-color labels directly onto all 
sizes of cans up to one gallon in a 
single operation. The labels will with- 
stand great extremes of temperature. 


Write today for more 
data on these items or 
for a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply, 
prices and new uses. 


The Malayan Tin Bureau 
Dept. 25C, 1028 Connecticut Ave., Washington 6, D.C. 
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impinging 


speeds heating and cooling of any ferrous 
or non-ferrous strip... 


OR OTHER FORMS OF MATERIAL 


Conceived and developed by our engineers, EF Jets feature a 
unique design that substantially increases the rate of heat transfer. 
Units already in service — or under construction — have capacity to 
process more than 60,000 tons per month. 


EF Jets can eliminate up to 80% of the length required by conventional 
static cooling arrangements; and can be used with any special 
protective atmosphere. Similar savings can be made in the length of 
heating sections. The systems are suited to heating and cooling 
many other forms of material, in addition to strip. 


An EF Jet system installed on the 132 foot long continuous strip line 
in our research department is available for your use in making test 
and experimental runs. 


For up to the minute engineering — and performance — on any ferrous 
or non-ferrous heat treating project, consult EF’s experienced — and 
progressive — furnace engineers. You'll find it pays! 


THE ELECTRIC FURNACE CO. 


Gas-fired, Oil-fired and Electric Furnaces for Heat Treating any Product 


Using any Process, any Hourly Output. 
200 West Wilson Street S. alem - Chao 


Branch Offices in Detroit, Mich., Santa Ana, Calif., and Cheshire, Conn. Canadian Associates, Canefco Limited, Toronto 13, Ontario 
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Electromet brond ferroalloys, 
pure metols and metal chemicals 


With 100 million pounds of polypropylene predicted for 1960 production, 
Union Carbide Metals’ titanium trichloride will reach commercial status as a 
polymerization catalyst. But the Company's researchers are also looking to other 
fields for new uses of this high-purity compound. Areas of interest include the 
chemical and pharma pharmaceutical industries where titanium trichloride has potential as 
@ strong reducing agent (E° = -—0.15 volts) for nitro compounds, biologicals, and 
other organics. Request Bulletin TTl1-P4 for more details. 


Columbium metal has finally yielded to casting techniques due to the 
efforts of engineers at Materials Manufacturing Department of the Westinghouse 


Electric Corporation, Blairsville, Pa. What is believed to be the first columbium | 


casting made is an experimental tube blank measuring 4 in. 0.D. by 1% in. I.D. : 
and 10 in. long. Using "ELECTROMET* columbium roundels, the metal was melted in | 
& vacuum-are skull furnace and cast in a graphite mold. Bulletin CB2-P4 gives 
information on columbium metal and sheet. 


or rivatives owe lent t ition metals are Union Carbide 
Metals’ latest contribution to chloride chemistry. The Company's research team 
has produced, in experimental quantities, subchlorides of Cb, Cr, Ti, V, W, and 
Zr. Some of these have not been made before. "“Electromet"* subchlorides are 


potentially applicable as catalysts, metal-plating co S, reductants 
syntheses, and as intermediates for new organometallics. Bulletin MCl1-P4 available. 


The largest order for wrought vanadium ever placed was recently awarded ] 
to Union Carbide Metals Company. The contract calls for approximately 300 pounds 
of vanadium mill products which will be used in an undisclosed military application. 
The Company's continuing efforts to increase the purity of vanadium metal have led 
to mill products with improved workability. Get Bulletin VM1-P4 on vanadium metal. 


In resistance to oxidation and corrosion, chromium carbide excels mest 
other metal carbides. Its high hardness makes it useful when bonded with nickel 
or other metals. For use in the tool industry, Union Carbide Metals’ chromium carbide 
is being pressed or sintered into dies and gage blocks whose thermal expansion 
characteristics are close to those of steel. This refractory compound has also 
been applied to surfaces by various metallizing methods. Send for Bulletin CCl-P4. 


Silicon nitride which is 100% beta phase has recently been made possible 
by improved manufacturing techniques at Union Carbide Metals. Fabricated shapes 


of this new form of silicon nitride have raordi he shock resist 
compared to previous alpha-beta mixtures. Foreseen applications include a 
refractory exposed to the combustion products of rocket fuels. See Bulletin SNl- P4. 


* * 


Union Carbide Metals Company, Division of Union Carbide Corporation, P. 0. 
Box 350, Niagara Falls, N. YY. In Camada: Union Carbide Canada Limited, Toronto. 


The terms "Electromet" and "Union Carbide" are registered trade marks of Union Carbide Corporation 
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